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^|/^^j^hannaceuti acceptable carrier for administration of the composition in an amount and 
mode of administration effective to induce toleranc e to EBV-associated inmiune responses. 



Remarlcs 



Claims 1-5, and 1 1-18 are pending in the application. Applicants appreciate the withdrawal 
of the objection to the specification for not referencing the priority applications and of the rejection 
of claims 1. 2, 3, 5, 1 1, 12, 13, and 16 under 35 US.C § 102(b) over U.S. Patent No. 4,707,358 to 
Kieflf, of claims 1,2,3, 5, 11, 12, 13, and 16 under 35 US.C. § 102(e) over U.S. Patent No. 
5,726^286 to Alderson, of claims 1, 2, 3, 5, 1 1, 12, 13, and 16 under 35 U.S.C. § 102(e) over U.S. 
Patent No.5,679,774, to Wolf, of claims 1-5, 11, 12, 13, 14, and 16 under 35 U.S.C. § 102(b) over 
U.S. Patent No. 4,654,419 to Vaughan, of claims 14, 15, 17, and 18 under 35 U.S.C. § 103 over 
U.S. Patent No.4,654,419 to Vaughan in combination with Harley and James, J. Lab. Clin. Med.. 
126(6):509-5 16 (1995). The new issues raised by the Examiner are addressed in detail below. 

Amendments to the Claims 

Cladm 1 has been amended so that there is proper antecedent basis by changing * Vaccine" to 
"composition." 

Claim 4 has been amended to correctly recite the appropriate SEQ ID NOs. 

Claim 1 1 has been amended to correct an antecedent basis problem with the word "vaccine" 
by changing the word * Vaccine" to "composition." Claim 1 1 was also amended to address the 
ExanMner*s concmis regarding 35 U.S.C. 1 12 second paragraph. 
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Claims 16 and 17 were amended to address an antecedent basis problem with the word 
'Vaccine" by changing "vaccine" to "composition." 

Support for new claims 27 and 28, which were suggested by the Examiner in the Office 
Action mailed, March 17, 1999 can be found at least in claim 8. 

Pursuant to 37 C.F.R. §1.116(b), it is submitted that these amendments should be entered, 
as they do not introduce new matter or raise new issues that require a new search and they place 
the claims in condition for allowance or in better form for appeal. 

Objection to the Information Disclos ure Statement 

Submitted with this Response is a Supplemental Information Disclosure Statement, 
PTO-Form 1449, listing the patents and publications that Applicant believes the Examiner has 
requested copies of. AppKcants have also corrected the omission of the "publication year" for 
Hardgrave et al. and Kaufinan et al. Apphcants believe that the requirements under 37 C.F.R 
§ 1.98 were met by the submission of the Information Disclosure Statement, mailed on 
January 13. 1999. Applicants, however, wish to facilitate the Examiners review of this 
Information Disclosure Statement, and therefore have, and are trying, to comply with the 
Examiner's wishes. AppUcants appreciate the consideration of all of the patents and pubUcations 
Usted on the Information Disclosure Statement, mailed January 13, 1999. 
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Re jections under ^5 T J.S.C. S 1 1^. second paragraph 

Claims4and 11-18 were rejected under 35 U.S.C. § 112. second paragraph for aUegedly 
being indefinite for failing to particularly point out and distinctly claim the subject matter. This 
rejection is respectfully traversed if applied to the amended claims. 

Claim 4 has been amended to recite the correct SEQ ID NOs as noted by the Examiner. 
The Examiner asserted that the terms ''individual at risk" and "symptoms associated 
with" in claim 1 1 were relative terms because "at risk' and 'symptoms associated with' are not 
defined by the claim or the specification ... and one of ordinary skiU would not . .[understand] 
the scope of the invention." Qaim 1 1 has been amended to faciUtate prosecution by deleting, 
the terms "individual at risk" and "symptoms associated with." These terms are not required for 
patentability, and therefore have been removed to address the Examiner's concerns. 

Alternatively, if the present amendment is not entered both phrases, "individuals at risk" 
and "symptoms associated with," are definite. The "at risk" language and corresponding clinical 
criteria are well known to those skilled in the field of treating autoimmune disorders, and support 
for this canbe found in the application. For example, it is well known that individuals at risk can 
be assessed by virtue of femUy studies or genetic analysis (for example, see discussion regarding 
genetics on page 3 1 of the application), age; sex, and ethnic background (for example, it is well 
established that lupus is more common in young female adults than in other groups); and other 
factors. It is equally well known that certain symptoms can be assessed to diagnose autoimmune 
disease, as well as its severity. An example is by measurement of autoantibodies (see page 12. 
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for example, and Example 1 beginning at page 27.) Infection with EBV is a risk fector. but it 
;ertainly is not the only risk factor that one of ordinaiy skill in the art would co^^^^^ 

is discussed in the appHcation. 

Furthermore, the symptoms associated with autoimmune diseases are well established 
and weU known to those of skill in the art as the Examiner is quite familiar with, based on our 
interview. Applicants are not required to include infomiation known to the skilled artisan. In 
fact, the appUcation preferably omits such infoimation. Spectra-Physics. Inc. v. Coherent. Inc.. 
827 F.2d 1524, 3 USPQ2d 1737 (Fed. Cir. 1987). The person of ordinary skill in the art knows 
and understands the symptoms associated with autoimmmie diseases. In fact, this is how the 
diseases wei^ and are classified, by their symptoms. The fact that different autoimmune diseases 
exist, as pointed out by the Examiner, is prima facie proof that the diseases have mrique 
fingerprints and that these fingerprints for diagnosis are well known to those of skill in the art. 

ppj^-tinns under 35 U S C. 6 1 12. first paragraph 

Claims 1-5 and 11-18 were rejected mider 35 U.S.C. § 112, first paragraph for allegedly 
containing subject matter which was not described in the specification in such a way as to enable 
one of skill in the art to make and use the claimed subject matter. This rejection is respectfiiUy 
traversed. 

Law of requirements for pharmaceutical inventions 

An invention must have utiUty. This requirement can be found in U.S.C. § 101 which 
states." Whoever invents or discovers any new and useful process or . . . composition of matter . 
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may obtain a patent . . ." (emphasis added). TTiis requirement is also implicitly found in 35 U.S.C. 
§ 1 12 which requires the specification to provide a written description for "making and using' the 

claimed subject matter. 

Whether the utility requirement comes from 35 U.S.C. § 101 or 35 U.S.C. § 112, the 
standard to be applied is the same. Ex parte Maas, 14 USPQ2d 1762, 9 USPQ2d 1746, 1747 
(Bd. Pat. App. & Inff 1987). The Maas court stated, "the issue under 35 U.S.C. § 112 relating to 
an enabling disclosure is subsumed within the issue under 35 U.S.C. § 101 relating to patentable 
utiUty." Any analysis of a claim under 35 U.S.C. § 112, first paragraph relating to the use of the 
claimed subject matter, need only meet the standards of the utiHty requirement of 35 U.S.C. 
§ 101 because if the claimed subject matter meets the utility requirement it is presumed to meet 

the enablement requirement of use. 

To meet the utiUty requirement the invention must simply have a "practical utility" in the 
"real world sense." (Nelson v. Bowler, 626 F.2d 853, 856 (CCPA. 1980)). Any use which gives 
immediatebenefittothepubUcissufficienttobea-pradicalutility". Mat856. It is clear that for 
an invention to have "practical utiUty" it must be operative. However, to fail the utility requirement 
the claimed subject matter must be "totaUy incapable of achieving a useful result."^' {Brooktree 
Corp V. Advanced Micro Devices. Inc., 9V ¥2d 1555 (Fed. Cir. 1992). An assertion of utility is 



i'Sec also £/. rf« Pont De Nenu^urs and Co. v. Berkley and Co., 620 F.2d 1247, 1260 al7, 205 USPQ 1, 10 n.l7 (8th 
Cir. 1980) ("In short, fte defense of non-utflity cannot be sustained wifliout proof of total mcapacity."). 
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sufficient to meet the utiUty requirement unless the assertion is "incredible in the light of the art or 
factually misleading." {In re Citron, 325 F.2d 1389 (CCPA, 1963)). 

The standard for utihty does not change if the subject matter is pharmaceutical or 
therapeutic in nature. {In re Chilowsky, 229 F.2d 457, 461-2 (CCPA 1956)). "Knowledge of 
pharmacological activity is an obvious benefit to the public. ... [AJdequate proof of any such 
activity constitutes a showing of practical utiUty" {Nekon v. Bowler, 626 F.2d 853, 856 (CCPA. 
1980)). The Federal Circuit held that adequate proof of a pharmacological activity can be obtained 
by merely providing in vitro data which are suggestive of an activity in vivo. {Cross v. lizuka, 753 
F.2d 1040 (CAFC, 1985). "Successful in vitro testing . . . [will lead to] . . . in vivo testing . . . 
thereby providing an immediate benefit to the public, analogous to the benefit provided by the 
showing of an in vivo utiUty." Id. at 1051. Furthermore, data obtained firom animal models clearly 
is adequate proof /n re J&imwe/ 292 F.2d 948 (CCPA. 1961). The /Cnwme/ court stated, "one who 
has taught the public that a compound exhibits some desirable pharmaceutical property in a standard 
experimental animal has made a significant contribution to the art even though it may eventually 
appear that the compound is without value in the treatment of humans." Id. at 953. 

Future testing in animals and fiiture testing in humans, even if extensive, does not prevent a 
specification fiom meeting the utility requirement. The Court stated in In re Brana, "Usefiilness in 
Patent law and in particular in the context of pharmaceutical inventions, necessarily includes the 
expectation of fiirther research and development" {In re Brana, 51 F.3d 1560, 1568 (Fed. Cir. 
1995)). If the subject matter covered by pharmaceutical inventions requires fiiture research and 
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development, even after conception and constractive reduction to practice, when then is the utility 
requirement met? The Federal Circuit has answered this question: "The stage at which an invention 
in this field becomes useful [i.e. enabled with respect to use requirement] is well before it is ready to 
be administered to humans." (emphasis added) Id. at 1568. 

The law does not explicitly state what is required to meet the utility requirement for any 
given pharmacological use because an analysis of utility is a fact based decision. {Ratheon v. Roper, 
724 F.2d 956). The law is explicitly clear, however, as to what pharmaceutical utiUty does not 
require. Pharmaceutical utility does not require human testing.^ Pharmaceutical utiUty does not 
require animal testing.-' Pharmaceutical utility does not require a showing of therapeutic safety 
Most importantly, pharmaceutical utility does not require a showing of efi&cacy .- 
Claims 1-5 and 11-18 are fully enabled as required by the Federal Circuit 

The current rejection is a use rejection of claims 1-5 and 1 1-18. Claims 1-5 are drawn to 
compositions comprising a modified Epstein-Barr virus or a modified component thereof, 
wherein one or more structures of the Epstein-Barr virus are removed or altered to decrease the 
potential that the composition will induce an autoimmune disorder, in a pharmaceutically 



4/ 



^In re Mies, 628 F.2d 1322 (CCPA. 1980); In reKrimmel, 292 F.2d 948 (CCPA, 1961); Cross v. lizuka, 753 F.2d 1040 
(1985); and/n re Brana 51 F.3d 1560 (Fed. Cir. 1995). 

^In re Krimmel, 292 F.2d 948 (CX3»A, 1961) and Cross v. Imtka, 753 ¥2A 1040 (1985). 

a In re Brana 51 F3d 1560 (Fed Cii. 1995) and /« re Irons, 340F.2d 974, 978 (CCPA 1965). 

5'See h re Sicken, 566 F.2d 1 154. 196 USPQ 209 (1977); In re Hartop, 3 1 1 F.2d 249. 135 USPQ 419 (CCPA 1%2); In 

re Anthony, 414 F.2d 1383, 162 USPQ 594 (CCPA 1969); In re Watson. 517 ¥2d 465, 186 USPQ 1 1 (CCPA 1975); In 

re Krimmel, 292 F.2d 948, 130 USPQ 215 (CCPA 1961); Ex. parte Jovanovics, 21 1 USPQ 907 (Bd. Pat App. & Inter. 

1981). 
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accqjtable carrier for administration of the virus or viral component in an amount and mode of 
administration effective to alleviate or prevent symptoms associated with the autoimmune 
disorders. Claims 1 1-18 are drawn to methods comprising administering to an individual who 
has an autoimmune disorder induced by infection with Epstein-Bair virus, a composition 
comprising a killed or attenuated Epstein-Barr virus or a component thereof, or modifications 
thereof wherein one or more structures of the Epstein-Barr virus are removed or altered to 
decrease the potential that the vaccine will induce an autoimmune disorder, in a pharmaceutically 
acceptable carrier for administration of the virus or viral component in an amount and mode of 
administration effective to alleviate or prevent the autoinmiune disorders. 

Of particular importance is the fact that neither claims 1-5, claims 11-18, or claims 27 
and 28 require a specified level of efBcacy, nor do they require the cure of any autoimmune 
disease. The Examiner has made it clear in the Office Action dated March 17, 1999, that "No 
evidence has been set forth which shows the lessening of any symptom of an autoimmune 
disease by the administration of a composition of the invention." The Examiner also states, "The 
specification does not set forth any examples wherein the administration of the elected 
composition in an accepted animal model is able to successfiiUy "alleviate" an already existing 
autoimmune disease" and "There are no experiments which challenge vaccinated animals with 
live unattenuated EBV such that the prevention of the autoimmune disease is shown." 
AppUcants are not required to show or provide the types of data that the Examiner demands. The 
efficacy or the extent of therapeutic effectiveness is to be addressed at the FDA, not the PTO. 
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The Federal Circuit is clear (see above) that the time that pharmaceuticals are ready for patenting 
is well before they are ready for use or treatment in a human. There is absolutely no requirement 
one provide animal model data. 

Applicants are required to show that the claimed compounds or methods are likely to 
have the pharmaceutical utility and the Federal Circuit has indicated that in vitro data are 
sufficient for this if it is "suggestive of an activity in vivo" (Cross v. lizuka, 753 F.2d 1040 (CAFC, 
1985)). The data provided m the ^plication and verified by the experiments described in the 
Declaration under C.FR 1 .132 by Dr. Harley clearly indicate that the claimed compounds are likely 
to have an effect on the course of autoimmune diseases. Autoimmune diseases are associated with 
the production of antibodies to a variety of epitopes and the use of these epitopes for desensitization 
or tfie use of vaccines absent the epitopes is clearly indicated by the in vitro data linking the 
autoantibodies of autoimmune diseases and the epitopes of the claimed subject matter. The present 
application clearly establishes the connection between the epitopes and the autoimmune diseases of 
the claims. 

Not withstanding the above Applicants have provided a number of references which indicate 
tiiat the in vitro binding data of qsitopes involved in autoimmune-type diseases are predictive of m 
VIVO use (which are enclosed). For example, Nicholson et al. present data that indicate a slightly 
mutated epitope of the proteolipid protein of myelin acts as an antagonist of the T cell receptor 
and blocks the binding of the epitope in vitro and functions in vivo (Nicholson et al., "A T cell 
receptor antagonist peptide induces T cells that mediate bystander suppression and prevent 
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autoimmune encephalomyeKtis induced with multiple myelin antigens" Proc. Natl. Acad. Sci. U 
S A. 1997 Aug 19;94(17):9279-84). While the in vivo mechanisms were not fully elucidated, it 

■at 

was unequivocal that the treatment of the peptide halted the destruction of myelin in mice which 
is caused by an autoimmune attackon the myelin. Furtheraiore, Gautam et al. have shown that 
the herpesvirus Saimiri contains small epitopes which when injected into a mouse cause 
Experimental Autoimmune Encephalomyelitis (EAE) indicating that small epitopes can and do 
have effects in vivo, (Gautam et al., "A viral peptide with limited homology to a self peptide can 
induce clinical signs of experimental autoimmune encephalomyelitis" J Immunol 1998 Jul 
l;161(l):60-4) Lastly, Vandenbark et al., showed that vaccinations with epitopes related to EAE 
and Multiple Sclerosis caused protective responses to these diseases in vivo (Vandenbark et al, 
"Effects of vaccination with T cell receptor peptides: epitope switching to a possible disease- 
protective determinant of myelin basic protein that is cross-reactive with a TCR BV peptide " 
Immunol CeU Biol 1998 Feb;76(I):83-90). 

These publications from 1998 and 1997 support the claims of the present application 
which claims priority to 1993. There can be little doubt that the methods and compositions of 
the present claims are fully enabled by the specification. 

The Examiner has indicated that claims drawn to the specific epitopes for induction of 
tolerance would be allowable. Applicants agree and have added claims 27 and 28 to specifically 
address this. In addition, however, EB V proteins lacking the antigenic epitopes are also fiilly 
enabled. Again the standard is whether there is in vitro data sufficient so that it is "suggestive of 
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an activity in vivo" {Cross v. lizuku, 753 F.2d 1040 (CAFC. 1985)). Clearly the direct correlation 
of binding and response to a given epitope indicates that the removal of the epitope wiU lessen that 
response. Applicants have provided extensive data indicating that the epitopes are associated with 
the immunogenic autoimmune response and therefore, the removal of these epitopes from the 
presenting peptides would be undeniably expected to lessen the antigenic response to those 
presenting peptides. 



Allowance of all claims 1-5, 1 1-18, and 27-28 as amended, is earnestly solicited. 



All claims as pending upon entry of this amendment are attached in an appendix 
convenience of the examiner. 



Date: June 21, 1999 

ARNALL GOLDEN & GREGORY, LLP 

2800 One Atlantic Center 

1201 West Peachtree Street 

AUanta, GA 30309-3450 

(404) 873-8794 

(404) 873-8795 (fax) 



Respectfiilly submitted. 
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APPENDIX: Peifdiag claims 

1 . (Amended) An immunogenic composition for alleviating or preventing symptoms of 
autoimmune disord^ induced by infection with Epstein-Barr virus comprising 

a modified Epstein-Barr vims or a modified component thereof, wherein one or more 
structures of the Epstein-Barr virus are removed or altered to decrease the potential that the 
composition will induce an autoimmune disorder, in a phaimaceutically acceptable carrier for 
administration of the virus or viral component in an amount and mode of adininistration effective 
to alleviate or prevent symptoms associated with the autoimmune disorders. 

2. (Amended) The composition of claim 1 comprising modified Epstein-Barr virus components. 

3. (Amended) The conqjosition of claim 1 wherein the component of Epstein-Barr virus is 
selected from the group consisting of peptides or proteins expressed from recombinant DNA or 
RNA with sequence identity to Epstein-Barr virus, viral DNA or RNA, and carbohydrate 
components of the Epstein-Barr virus. 

4. (Twice amended) The composition of claim 1 wherein the Epstein-Barr virus comprises the 
nuclear antigen 1 protein not including a peptide sequence selected from the group consisting of 
PPPGRRP (SEQ ID. NO: 1), GRGRGRGG (SEQ ID NO: 2) and RGRGREK (SEQ ID NO: 3). 

5. The composition of claim 1 in a pharmaceutical carrier for administration by injection. 

1 1 . (Amended) A method for preventing or alleviating autoimmune disorders induced by 
infection with Epstein-Bait virus comprising 

administering to a individual at risk of developing, or who has been identified as having 
symptoms associated with, an autoimmune disorder induced by infection with Epstein-Barr 
virus, 

a composition comprising a killed or attenuated Epstein-Barr virus or a component 
thereof, or modifications thereof wherein one or more structures of the Epstein-Barr virus are 
removed or altered to decrease the potential that the vaccine will induce an autoimmune disorder, 
in a pharmaceutically acceptable carrier for administration of the virus or viral component in an 
amount and mode of administration effective to alleviate or prevent the autoiimnxme disorders. 

12. (Amended) The method of claim 1 1 wherein the composition comprises modified Epstein- 
Barr virus components. 

13. The method of claim 1 1 wherein the component of Epstein-Barr virus is selected from the 
group consisting of peptides or proteins expressed from recombinant DNA or RNA with 
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sequence identity to Epstein-Bair virus, viral DNA or RNA, and carbohydrate components of the 
Epstein-Barr virus. 

14. (Amended) The method of claim 1 1 wherein the Epstein-Barr virus comprises the nuclear „ 
antigen 1 protein not including a peptide sequence selected from the group consisting of 
PPPGRRP (SEQ ID NO: 1), GRGRGRGG (SEQ ID N0:2) and RGRGREK (SEQ ID NO:3). 

15. (Amended) The method of claim 1 1 wherein the individual has symptoms of or is at risk of 
developing an autoimmune disorder selected from the group consisting of systemic lupus 
erythematosus, Sjogren's syndrome, rheumatoid arthritis, juvenile onset diabetes meliitus, 
Wegener's granulomatosis, inflammatory bowel disease, polymyositis, dermatomyositis, multiple 
endocrine failure, Schmidt's syndrome, autoimmune uveitis, Addison's disease, adrenalitis, 
primary biliary cirrhosis. Graves' disease, thyroiditis, Hashimoto's thyroiditis, autoimmune 
thyroid disease, pernicious anemia, lupoid hepatitis, demyelating diseases, multiple sclerosis, 
subacute cutaneous lupus erythematosus, hypoparathyroidism, Dressler's syndrome, myasthenia 
gravis, autoimmune thrombocytopenia, idiopathic thrombocjrtopenic purpura, hemolytic anemia, 
autoimmune hemolytic anemia, pemphigus vulgaris, pemphigus, bullous pemphigoid, dermatitis 
herpetiformis, alopecia areata, autoimmune cystitis, pemphigoid, scleroderma, progressive 
systemic sclerosis, CREST syndrome (calcinosis, Raynaud's esophageal dysmotility, 
sclerodactyly, and telangiectasia), adult onset diabetes meliitus (Type U diabetes), male or 
female autoimmune infertility, ankylosing spondylitis, ulcerative colitis, Crohn's disease, mixed 
coimective tissue disease, polyarteritis nodosa, systemic necrotizing vasculitis, juvenile onset 
rheumatoid arthritis, glomerulonephritis, atopic deratiatitis, atopic rhinitis, Goodpasture's 
syndrome, Chagas' disease, sarcoidosis, rheumatic fever, asthma, recurrent abortion, anti- 
phospholipid syndrome, farmer's lung, erythema multiforme, postcardotomy syndrome, 
Cushing's syndrome, autoimmune chronic active hepatitis, bird-fancier's lung, allergic 
encephalomyelitis, toxic necroderaial lysis, alopecia, Alport's syndrome, alveolitis, allergic 
alveolitis, fibrosing alveolitis, interstitial lung disease, erythema nodosum, pyoderma 
gangrenosum, transfusion reaction, chronic fatigue syndrome, fibromyalgia, Takayasu's arteritis, 
Kawasaki's disease, polymyalgia rheumatica, teniporal arteritis, giant cell arteritis, Sampter's 
syndrome (triaditis also called, nasal polyps, eosinophiHa, and asthma), Behcet's disease, 
Caplan's syndrome, dengue, encephalomyositis, endocarditis, myocarditis, endomyocardial 
fibrosis, endophthahnitis, eiythema elevatum et diutinum, psoriasis, erythroblastosis fetalis, 
fascitis with eosinophiHa, Shutaian's syndrome, Felty's syndrome, filariasis, cyclitis, chronic 
cyclitis, heterochromic cyclitis, Fuch's cyclitis, IgA nephropathy, Henoch-Schonlein purpura, 
glomerulonephritis, cardiomyopathy, post vaccination syndromes, Hodgkin's and non-Hodgkin's 
lymphoma, renal cell carcinoma, Eaton-Lambert syndrome, relapsing polychondritis. 

16. (Amended) The method of claim 1 1 wherein the vaccine is administered prior to infection 
with Epstein-Barr virus. 
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17 (Amended) The method of claim 1 1 wherein the vaccine is administered to an individual 
who has or has previously had an infection with Epstein-Bair vinis. 

18. (Amended) The method of claim 1 1 wherein the autoimmune disorder is systemic lupus 
erythematosus. r 

27 (New) An immunogenic composition comprising a molecule selected from the erouc 

rl?^ aTa^^^ ^ GRGRGRGG (SEQ ID N0:2). RGRGREK (SEQ ID 
N0:3). GAGAGAGAGAGAGAGAGAGAGAGA (SEQ ID NO 7) 

f^S^^^^^^G^GRGRGRGGGBPG (SEQ ID N0:13). GGSGSGPRHRDGVRRPQKRP 

^QKRPSC (SEQ ID N0:15). QKRPSCIGCKGTHGGTG (SEQ ID Nai6) 
£1^ rS xS^^^°^ ^^^Q ^ ^^•^^>' SGGRGRGG (SEQ ID N0:18). RGGSGGRRGRGR 
RARGRGRGRGEKRPRS (SEQ ID NO:20). SSSSGSPPRRPPPGR (SEQ ID 
o ' JJPPGRRPFFHPVGEADYFEYHQEG (SEQ ID NO:22), PDVPPGAI (SEQ ID 
m ^i?^ ^^^^ ^ ^^^2^^' GPSTGPRG (SEQ ID NO:25). GQGDGGRRK (SEQ 

ID NO:26). DGGRRKKGGWFGKHR (SEQ ID NO:27). GKHRGQGGSN(SEO ID NO 28) 
GQGGSNPK (SEQ ID NO:29). NPKFENIA (SEQ ID NO:30), RSHVERTT (SEO ID NO B 1 ) 
WYGGSKT (SEQ ID NO:32). GSKTSLYNL (SEQ ID Na33). GMAPGpSq © 
NO:34) PQPGPLRE (SEQ ID NO:35). GNIRVTVC (SEQ ID NO:36). RVTVCSFDDG (SEQ 
ID NO:37). and PPWFPPMVEG (SEQ ID NO:38). wherein the composition is in a 
phannaceuucally acceptable carrier for admimstration of the composition in an amount and 
mode of admimstration effective to induce tolerance to EBV-associated immune responses 
28 (New) A method compnsmg administering to a individual a composition comprising a 
I!?Sr,?«^«!? consisting of PPPGRRP (SEQ ID N0:1), GRGRGRGG (SEQ 

vn^?'^^;Sn?S5^*^ ^^^^ GAGAGAGAGAGAGAGAGAGAGAGA (SEQ ID 

NO:7).GPQRRGGDNHGRGRGRGRGRGGGRPG(SEQIDN013) 
GGSGSGPRHRDGVRRPQKRP (SEQ ID N0:14), RPQKRPSC (SEO ID N015) 

^^P^^^^™^"^^ (S^Q ^ NO: 16), GTGAGAGARGRGG (SEQ ID NO- 17) 
SGGRGRGG(SEQIDNO:18).RGGSGGRRGRGR(SEQIDN019) 
RARGRGRGRGEKRPRS (SEQ ID NO:20), SSSSGSPPRRPPPGR (SEQ ID NO 21) 
^ A^r^^™^°^^^^Q^G (SEQ ID NO:22). PDVPPGAI (SEQ ID NO 23) 

^^^^ ^ ^^^24), GPSTGPRG (SEQ ID NO:25). GQGD6GRkK (SEQ uS 
NO:26), DGGRRKKGGWFGKHR ^.wn m Mn.■?7^ n.irxsn/^^c.^r^S^^tl^J^ 




™SO(SEQ^^^^^^^ 

m ^ CNIRVTVC (SEQ ID NO:36), RVTVCSFDDG (SEQ 

ID NO:37), and PPWFPPMVEG (SEQ ID NO:38), wherein the composition is in a 
ph^aceutically acceptable carrier for administration of the composition in an amount and 
mode of admmistration effective to induce tolerance to EBV-associated immune responses 



OMRF161 

J g 204S7/186 



fmanmoiogy and Ceil Bititogy ( I9v«> 7i5. 83-90 



Effects of vaccination with T cell receptor peptides: Epitope 
switching to a possible disease-protective deteiminant of myelin 
basic protein that is cross-reactive with a TCR BV peptide 

ARTHUR A VANDENBARK,'-' ' YUAN K CHOU RUTH WHITHAM t.J.-* 
DENNIS N BOURDETTE' and HALINA OF^N^R'^"^" WRITHAM. 

Medical Cautr,Ponlaad.Ongm. United Statti of Atmrka njfairs 
tomunaadoD of Lew «ith guinea-pig avdin bue pioui» (Gi>-MBP) induoRl T cell tmaa 
rwduB 5S-» TTbj sequoce a of interest due U> its procecove acdviiy j^dttst eip^mulI«oSm^ 

ttee^idrtosKuc T «ib. here pces^ 

rttetroty. which may «bo eeeur betveea tbc hnmu MBP.S^74 pepade and the BVl2S2-»-S8 seaunT^ 



iBtHkdiKtidB 

T cen ncognib'on of naturally processed TCR <SetcniiiDasa 
cxpmied ^ch idf*MHC moKecuks oo padio^ zuxar^ 
actm Tbl celfa stxmoktcs an effective peh^ 
aecbaniaa uvolvbg productioa and relcaw oTcappRvim 
cyiofciDcs, KDchulms IL-IO * Id animal modcli, the bdue- 
u'on of cQttpbaiizoseftic T ceDs efepcessiiig cfiscascusod- 
aied V Eenti during <!evelbpn»» of eicpcnmenu] 
auioimmiiae encsephaJoawlitii (EAE) natureUy ipawas a 
ooippcnaatoiy wave of regulatory TotOsepadfic for V g»» 
detennznanis that contributes lo spcotaAoous ztcovety 
from EAE* Vacdaation with TCR peptido bootta the 
titestxoci and 7b2 lymphoboe prodactioa of che TCR- 
spedfic Tcefls, munlo^ in a r^iid inacttvation of Thl ccili 
specific for iauaiaodominant epitopes.*"' MoKovar, TCR 
vsodoatioD fcduord the ftnjuescy of mydin basic protein 
(MBPV^M'ik T celb; and cauanJ a switdi iq T cell spe* 
cifidty away from xhe pathogenic MBPi>T2-89 decerounaat 
T waMs other NftocpttapoL^GivxD prior to diaosooosec 
\-acdnai5ott with TC31 peptides ean pcevent E'\E: giveo 
after onset of duiical si^i^ TCR vaecioaiiOD can ccvcne 
dioical progicBsion and speed 

Sustaiaod immnoizatioa wiib nultidttancntnast oriao* 
specific autoanxideos sudi as MBP induces T ceOs specific 

Centspoodcax: Dr Arthur A Vsadbabark. Heujoiramttaology 
Kosarch 1511^ Pofikod Va Mc&al CtOKr, }7io sw US Vm- 
«raiuHoipLR4«PenUad.OR9730], USA. 
&naQ: <vttdde&UcLuthar.a^ordaadL*»-sov> 

Ra3eiv«d4No^bwl997:aec«pied4Noiicmfacr 1997. 



fox other MBP detenaoinaozs or other centra] sopnm 
s«tem (CNaantigBos tkat may tbcmsehes be en- 
ccphaBtofsnk.»* TUs ^omoban, tamed ctpiiope 
spre«iai^ may ooQuibQte lo rdaps^g BAE. Aliematlvdy, 
TceDs may a^pCAr that bie spedfic fqr nnnor. leu domi- 
naat deiezminants. In pmiou leponi. m hav» detetibcd 
one sudi dmaraunadl. ftuinca-pif (Op^MBP itsiducs 
55-®, that Is protectivt against EAB in Lewfis rat*. One 
nMchaniaro for protecoon iorvolvcd the cxpnsioa of nn- 
mnnologkally cms-reaettvt TCR V ^ soqMtoes by 
MBP-S5-».ipedficToeEi.'' Wahecttpnseninei^evidfnc. 
suggesting that ih^ k sequence homology and mmmzio- ' 
logical cross-reactivity between the rat BV8S2 CDR2 and 
Gp.MBP*5V^ S^vencca, Moreover, a similar homology 
cMts becweca the human BVI2 CDR2 and MBP-55^. 
This raises the ioUigQing pocoibiUcy that the MBP-55^ 

deterainam acti a« a prptactive epitope in patients who ait 
naturafiy sensiiized to MBP, induding those widi ateDsve 
deoiyelmation aa oocuo in multiple sderosii (MS). 



^^«copittOA of MBP^S5-tf li EAE 

In the Uwis m model of one of the most potnu 
enocphaUtogens is Op-MBP. Tlie hKmunqdoQuaaat dotet^ 
i^unani of Op-MBP iocfadca residues 72-89, utich wdsatxt 
a high ftaquMicy of enttphatitogeznc O^jj^^spccific T 
cdb that can also teeognzze the rat (Rt) 72-89 soqiieooe 
that <fiffin, only at positM W by a Thr for Ser subadtiH 
^sl ''^ Gp^MPP-72-^9 typkilly expfess 

iteAV5 and BVBS2 genes and a« restrkted by the RT-IB 
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)-A moldcuk.'^*^ Sutfained saisitxzBtion with Gp- Or Rl- 
MBP alio induocs T ccUt ipcdfk for a scoonduy cn> 
Cqpthalitogeznc drtamiaazit, lesulues 87-99, that is idcotkal 
m both specks. ^'^^ Toells specific for MBP-S7-^ rypkatSy 
cq>ica the BV6 geae and m latikied bv tfae RT*1B L*E 

Durios tbe reccvtry pbate of EAE induced by ittiici- 
2atian «ith Cp-MBP/CFA. T cdb appear chat atv spedfic 
for a ibifd dMemunaaC. itaidutt 55^.'^ PM-immuiii2^ 
lion witb Gp-MBP-55-69 indaccd piotectett aiaunsf active 
£A£." as a T cdl epitope, cfac Gp.liCBP-5^-69 peptide is 
not cn)ia-nacdva witb Re-MBP'55-^, difierine ^ ^ 
tostidinMlaiiiiie (KA) ioienioa at poiidoni 61 aad 62. and 
by an almizse foe Umatoe svb»itutioo ai position 63 
(T^ble IX IB bet, fbe IU-MB^55-69 pepdde wuielatix^ly 
DODHnuauao^Bnic in the Lewb mt. 

In a previoui roport^ wb Isolated a T cdl cioDe spedflc 
for 0|vMBP.55^ that e^tptened *e BV8S6 «cae, aiid 
was mtricted by the iO^lB 1-A mokculei Ibis Teen cloae 
wti not eaccpbaltiogeaic in Uwis laia. buc iosuad bdiioed 
procoction agaiasi both aaive and pa«»v9 £Ae ditecM 
i^»i«i the Cp-MBP.72-« deierminaot,'*^* Tlic Bm2 
and BVSS6 proidns ait highly homolosou). cooUiiams > 
cODSenCUt tequczxse from tefiiducs 44-54 that is found 
withia tbe CDR3. This regies of the BV8S2 molecule has 
been of great intercat to us because of the ability of the 
BV8S2-39-S9 peptide to induce protealflo against EAE 
The protective EDechaxusm induoed by the ByBS2-39-S9 
peptide iin^vKod n^nlatofy T cclfa thai GouM tcGog^ 
<iowa-refalate MBP-spedfic T cdb chat cxpitoed this 
BVSS2«eDe,* 

Proteciiofl induced by the Gp-MBP-5^9-^ccific T ocE 
clone potentially could involve stimulation of the and-TCR 
zcguLfttoiy Dccworlc through crass-reactivity between 
BVBS2 and BV8S6. This notion w soppocted by our 
subsequent midics in which Tcdl responses to the BVSS2- 
39-59 peptide oonld be induced after iiVBcdon of the 
BVSS6 T cbU dooe q^eoSc foe Op^MBP-»<9. aud w 
which pmeetioa agaiau EAE codld be Induced by the 
BVM4-54 ooasoDius pepUdCL" lotetMiasfy, the BVBS2- 
3^59 pepcUa eSaciiva a^slfist eiuieplkallioffmle BV8S2* 
T CeOs specific for G^MBP-72-S9, was also mm rrncTiYc 
with tha BV6>39^j9 peptide that was efltetivf againic 
cephalitogeaic BV6^ T cells specific Cbr MBP-fi7-99/*~^ 
Thus, tha BV8S2-39^^ pqwie »ia ceotral b stimuiauc^ 

TiMc I Proposed cros-icactlve TCR and myeiia hailc ptotch 
ffqneoocs 



Rl-MBP-59-7i 
Op-MBP-5fr-74 

HO-MBP.5&-74 

Hu.BV)2S2-3M5 

Ktt-BVI2St-39-55 



DSH - ' im^Oa SLPfljr 

DUO HOLftUinS YDVAS 
NMQ U^JOAmi YDV.VJt 



PLC UGLMUEm YQVQD 

i)PQ ifomiim YdvKD 



r^gubitoty T cdk that oould inhibit mponaes iq eitt^v 
enoephah'togenic detanmnant. Of additiooal iaportaitce, 
T cell reapcMisea to the BV8S2 peptides weie lar^ MHC I 
cesincted,^* (U££Bsii^g recognition by the regnlatory t cells 
of an MKC 1 bound peptide on the surftoe of ihe eih 
c^Htogniic MBF-spedfic T odls. 

Rttwly. we cfaaiMteritftd bolli lat and mouse MHC 
class I bound p^tides dated from rat-movse fayteidomBs 
obtained by fittiog Gp-MBP-72-8^te&&Taeil8 with the 
mouse BW-SI47 futioo panaer.'^ Fctw these duied 
pept i des ^ we idaitxfiBd two distinct nooamer peptide motifs, 
induding XXLXXXXXS (pamm I) and XXXXXXXX^ 
(paucm 2\ thought fio lepiescni general patterns found in 
peptides Chat ptdereotially brad to two diflcrait RT-IB 
NfHC dass I ttoleculea.™ Iniercstiai^, the BVSS2-42-30 
pcvclde, KOLRUMYft mtUuned MHC binding anchor 
Rslduas identical lo thoca fonnd la paoefv 1. Uwwti, 
ttatc BV-Sa peptide* fifom Uw 7 W5 itgion were identic 
that contained anehor rtsidues shnilar to those found in 
paoem 1 This region of BVSS2 has also been of great 
interest to us, as nuection of tbe 7J-90 peptide can indooe 
Ttgtttotocy T oeOs that inhibited EAE indnOEd with 
GP-MBP-72-89/CFA,-' 

The biological activily of BV8S2 peptides containing 
MHC dass I biiiding moiift is currently under oieAil 
investigation in Lewis tats. We aotidpate that these pep- 
tides may sffecdvely trigger MHC dass r-reatricied CDB * 
T cells that ooukt tsTget and eliminate encephalitpgenk 
BVSSZ" T cdk uaturaDy exprassiQg ibesa BaquBoo^. A^ 
icxnatEvdy, these or ain^ but slqihtly loBfer peptides 
might BctivatB CD4^ regulatory T oalls thai mhibit the 
enorphalitogBnlc T cells thiough sohiUe cuppressive fic- 
ton» as we have shown previously, or pfomote diSereotia- 
tiott of CDS'' r^ulaittfj T cdla. In dther case, these 
peptides are likely to be involved in the TCR regulatory 
netwcxrk. 



Idestied icttfius iniUeBied fay bdd aad italics. Ctelefvat^r« 
suUfUmUoBS iaficaied by hub eoty. Uadei&aed icftdm latftcace 
proposed sn^r pautioQ& Igr biadiag to RTOB MHC dus I 
molinklcs. 



BV8S2.3^ 
udGp-MBP-«S« 

Kavmg idsntilUd poasifak MHC dass i binding motifiand 
their assodaicd aocbor Rsiduea. wc evahsatad the Op> 
MBP-55^ peptide for homology' with tbe BVfl$2 regu)a- 
toxy seqtkaces and for the presence of dtber of these 
znotifs. As is shown in Table I, ihe Op-K(dP-6l-^ and 
BV8S3p42<*50 nonamer peptides had fbur Idantical raidues 
RM. H67 and and other potentially penntsave 
subsdrutioss, with additional nsidnas on dther s£de of this 
rpgioo being idcsticBl or oampatibk; This ' similarity be- 
tween th^ two peptides suggested diat Inhlbitlofi of EAE 
induced by li^octing die Op-MBP-S5-^ peptide, in xddi* 
tioa (0 indodng T cells coipfBssiog crosa-rcactivc V gena, 
might also isvohv direct cxota^rtactivicv «ith the regula- 
tory BVSS2'39^S9 peptide. 



fmiM g nnln^r al c i oas i tat tiv it y between BVas^3»^sy 
aodGp^P^SS-0 

To evahiate possible craa^-facosniiion between rat BV8$2- 
39-5* and Gp^MBP.5«9 sequbwcs, we immuniad Lewis 
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rau with cither pepitde in a^juvaou aod usbd for croa. 
TtactivB T QcDs uxi umbodks. As b shown in Fig. i 
J>inph node (LN)cBa5 and Tctll li&es from racs muBumzcd 
»ath BV8S2-J9^59 peptide hul nnmg proliferaQOD «w 
cpottSAs to the qiununiaag pepdde;. add substamal ooss- 
*waivity to the CikMBP-5S-6« pcpikte. TO, ««|^ pr<^ 
Mfmtion icspooie wu rccai&Ad wbea the T orils wew 
siinwlatcd uim BV8S2^2-^52 I2.mcr peptide, boc al- 
mosc all profaTentioQ raaiioiisa uas loct vben the Toils «m 
Uiinuhted with the BVBSZ-Z-fO nooamer pqptide (dau wt>x 
shown). ConvoBriy, LN cells and T cdi hnca fh>m nts bn- 
munoed wjtb Cp.MBP-55^ peptide ptoHlenited vigor- 
0^ m the presenca of the immunims pepiidev but failed Co 
r^pond to the BV8S2-39-59peptide. Howin^. this paten 
Showing a ooe-way CTOSS-nactivity to Gp*MBP-55~69 ia 
«U tnmiimuifid with rat BV8$3.«^59 peptide was not re- 
flected by delayed-Type hypenenslttvii)' (DTK) ropociyes 
(r?g. 2) or by servm antibody re^ooses (Fie. 3). fa both 
cases, Vienna <tsponsc& wm observed to the iwTni.ftMnj 
peptides, bnt not to t2» other iiOA4nimtt&itfitg peptides. 

ImpUcadofts of cnmncttnty 

Th« dau deiiftOnstratB that nsponses iwlu^ 
B\TO2-3SU59 peptide can induce hc^Kr T Cd) raapoDSBs bm 
not inobody reeo^iution of a cmv-rcaoive deteiniaMt 
represented »ithin the Gp-MBP-5^ fioqueon. Howw, 
this crofis^rtft^tivity vas unidirectional, as T cells mponsi>Y* 




tmmuntztttofl 

Txffun I T ceD enw*-teoDgnhloo of (■) Cp^MBP (GPBP)^ 

55-^ peptide after inununizaiibn witb rat (C3) 

peptide. Lewis ygqwpyy jnananticd with ettbef pepd^ in CFa 

M)d, afW 21 days, l>inpli node oeOs wm icmimd and floteod 
with eadi pqptideaf aevcnl dihmoBS {ocsan cuIdims>. Sm 
edls from each pieparatioa woe ideded into T ceU by 
cydkaSy expancfing the eaih in IL.2 and thn rtstlamlatias 
wiQi prescmed by Imdioicd thymocytes as andfco- 

piesau^oi ttOs. KoponaBa, given as the ttimuladon iadq^ 
(ap.m. vitb p^cidc/apjo. widioot pepod*). ait pmagted fox 
vftiiouf sdmulaxSoQs of the Tedl Hues. Nok mong proCfem- 
tion ftspoosQ to Op^W^SS-4d by T caQ Ene qnific for 
BVW2-3^59, bat not the tevirsc. 



10 Gp-MBP*S5-69 did not reoo^i^B the tat BV«S2-3^ 
peptidc^ T7»e MHC dau I-asu)daeed nonaimr peptides 
wwa appaiaitly too shon to indnca pioaftraiive r«5HH^ 
m TocHssdmuiatod initiftltr with Umgerpeptidea, but their 
recognition in association with MHC t tDOlCOuks by eyco^ 
toxic or regulatory T ocOs is siUI tudcr study as of tikis 




ImmuAizalion 

Rsural Waakcafoei.maBiiviiy between (q)BV3S2-3^ end 
(m C^MB^5«9 u ataad by datayed.^ hypemns*- 
uvity (DTR) nactioiis^ Fotxnesa days aAfir tmintifH^fiAf i ^^j^ 
either peptide io CFA. Lewis lau wnc tesud for DTTH n> 
sponses by iqjocdng 20 f« of aadi peptide inuadcnnany in the 
car pinna. Oinkreaoes in ear tfaidaess wm aasearod a 
presiure>«mitWtmigomstar before iiygtifM^ ^ 
aAer iajR»tion. Data ropracat the 24 h icsding. Nbt» cthm^ 
DTK tvaaions sg^iinu the mam,*;*;^ peptide, and weak re- 
sponses to the other peptide. 




BvgS3.«&^ ep-«ep-55-ea 
imnnjplzaUon 

RgHw3 l^of croas-ceaoivitybenKEn (□)BY8S2-39-59 
Op4dBP-55^ 18 assessed by serum antihodywac- 
tiniy, Sezttn wai coDecced 2t day^ afW mawniarioB of 
Uwii lau with cither peptide in ad^ovaoL Sttum was 
«ttd « various dihitiflM ty HUSA for reactivity ^ 
mtu^ aad oeewTOBBang pcptSdes. Data era the 
l/lOO s«m dUoion. Note strong leaoiivity lo the onmimizf Ag 
pepl^d^ hat a of actH^r to the non^immaninii pcp^ 
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writing. One impoitant isnr ranaiaing 16 ht fttolved i$ 
whechar cb4 two Donanar Mquexkott m abo aost-ftaciive, 
iQ eiiher a tml- or bkllmdoaal aiaaiter. 

Il» lack of T coU rocogmtico of cl» BV8SM^59 de- 
ccfmhuni after immttftizadoo wkh Gp-MBP*55^ doa 
net suppon the idea thai Batunl sen&tizatton with MB^ 
can d\xv^y iodiicB n^ulatoiy TCR^spcdfic T cdk. Firtily, 
Re-MBP ladCK chU T cdl dtttnmnant. and coidd not be 
expCdBd to impKry Tcdl reypotues m »/mo. However, the 
o«-way croci-rttctlvity daccrihed above may ttin phy an 
bnponafit role in the iodoctioB of both MHCdas I- asd 
da» n-mtrirtad T calk i^mfic for TCR detc^^ 
ppopoaed eaxUer," the pfotecilve effect of G|kMBP'53-69 
«^ouW appm 10 bo indiroct, lhrou«^ indocdon of con^- 
cepbalito^ T cdls that txpnu V ^enes chat awMaaa 
with regulatory ICR lequeacet. Thc$e T ccU-assodaia! V 
r^gjon defdraunantt may vran be mor^ Immu&c^uk dun 
soluble TCR pepddet, especially for mdudog MHC das I- 
ratticted responxs. Tlius; vsodnatioD iviih sohUo TCR 
pepddaa, b addition to diiKthr activadog MHC datt n- 
mtrkied TCR^ipedfic T cdb after 

tiwua^ecific acoesaoiy oBBa, nay cx^^ 
popuUdon of Don^aaaphaliiosciuc MBP-5>'6SMpectfic T 
cells. These T ceDi could then act as a cefiutar sttoiiUut for 
regulaiory TCRHipadfic T odla xcsponding to MHC claai i 
or U aaiodated detcnninasb. 

Kttpoitfe 10 TCk pcpcsde vaccttatloo eaa taWMt T caQ 
it*poafcea to MBP and aty rt>«rfie cKnfcal pro^esdoD 
I patiots wkh MS 



We earned out a pilot douhJ^4>luBi, plaaebomtrolkd 
Phaso II nlal to avatottia tha abUixy of the naiht and Y49T 
sufasttnitod BVSS2-3W8 pepddes to iaducc TCR-roeoflc 
T alls, inhibit MBP-^fic T cbQe, and elect diniOir 
chanfea.° The resuhi of this trial indicated thai (i) only 
paiicDti vho wen vaixasatad with pq>tidcS had Significant 
uxzuccs in T oaD ratpooie to peptides (as assessed by 
fieqneqcy of tmC% fiO a fignificant invne corzdstion 
between ratpoasa to paptida aiid raspoasa to MBP, (ni) a 
agnifloat oorrdaiioo between response to peptide and 
bck of disaasa progtaBSion; and Civ) a agniScam mmsc 
oorreUdoia between response to MBP and lack ofcliucal 
Progression. These data suggast that TCR peptide vtcd- 
na^on may aflecx die eouxsa of MS in soma pauaao bv 
inducing pepiidc-^>ceific T cdb. 

De^te of response to B^V5S^38-a8 is mr^atc^ 
with dfadcal benefit 

To better view the ooOecdve cfieees of ICR peptide vaco- 
nation dirvtsd at BV5S2" T cells, ^ assetthtod a eem- 
pofire aoaiyss of 32 DR2* patnts with progcoaive ^f$ 
from both ur Phase I*" add phaia trials, comparing 
the degtw ofropoase 10 the fuhBunuod or native BVS& 
3»->8 ptrptida witit dioical ontconit** Wc found a hmhly 
lignificaai corrdatkm (P<Oj0O1) between die degite of 
tasponaa to tha BV5S pcfptktt and dirucal benefit TUi 
there u«s measmabU dinicat m^wmaa in three of the 
padants viih itioog T odi zatponsas to peptide vocdnatioo 



(2 ft cai^/inillion}. and amstad dtaaasa progreaston la lawn 
of exoe patieou with iBoderate T oca r^pooaes (^^ oell^- 
nnlfiooX uodezscores tte emtiog dioica] potential of this 
approach , even m this ft&aS groop of patients with xaihcr 
advBitced discssse. 



•MiedttalBn of tohOixloB tavohes Th3 regntsEciry ca&s 
a^ hystnialer j 



In order to dev^ a ratSonal stiatsey for opdmizirts the 
TCR peptide vaccine, it ia iaportaat to coasido the bio- 
diaractexistics of BVjsz ^J-^-speeate T cells, as 
wdl as thi^ mode of action for reguladng ncuceand^ 
spedflc Ihl cells that are thought to cotdiibinc to the 
disease process. To date, wc have isolated anddiaractaizcd 
mors than 80 donca rcsponsivf so BV5S2*38-% BVWN 

clones wna CD4*, and moat (about 73%) prodived Th2 
lymphotones. induding XL^ II^s, and IL-IO. but not Ihl 
btoj^towott such AS IFN-7. i)U2. or TNR The ^vmaindar 
produced both Th2 and Ihl tyrapbokinQ. Supereaiants 
ftpni these TCR p^pCida-ceactjive caltnim had potent zn- 
hlblioty properdcs when htcubawd with antoJogotts ox 
heterologeos Thl clones spadfic for MBP or Haspa atm- 
plex virus. The luperBaxanis lahlUtad both anttgen-^flc 
9o4 nitogen-indttced prolifemioft. as weQ as IFN-7 r^ 
lease, in a doso^^Modeot, but TCR V gfloe-iadepeadent 
manner.'' GszeAd doraiien of IL-10 in the supetnataoes 
leveaM that the detected leveb <n = 0.7 nfi,MO wuW 
account for inhibit^ produced by shnUar kvdi of 
reGombmaai hianan U^IO, and the nctual iavoKenxu of 
IHO was demonttraced by oevtrafizing the inhibhorv 
propcnics of the supcraataat with anxi*IL-IO antibody.^ 
No inhibition of Thl cells was obKrved when supenataiiti 
fiom Thl culrures were added, or when fine TCR pepddes 
we added. Conveixty, no inhibition of Tli2 ocils was 
noted when supcmatants from Th2 ccUa (that inhifaified Th 1 
ccili) were added. Tlius, regional activation of the TCR 
pqiiBdas^wcific T oells (e^ by T% 1 oeOs cspictti n^ B V5S2, 
or APC presenting sohdde substituied or nadve BV5S2- 
38-58 pq>tide after vaccination) would be expected to in^ 
dune Jdadveiy h^ coneentranons of aoTuUc IL-IO that 
would isfaifaii acoTatkm of any Thl odlSL iDGhu£ng those 
that ezptasBed V gjcnss diflerent dian tha taim T ceH /a e. 
BV5S2-) to the nearby vidniiy. ^ * 

H»MBP-S5-74 Is a hamoT ceB decermtnaut 

Soutar to dM» immunogiaiic Op^BP^5m69 saqoanca and 
distinct from the oon-hmmmogc&ic Rt-MBP-55-€9 pa- 
tide, the Ha-MBF'$5-74 aeqnans abo contaisa on inser- 
tioaatpodtionc 61 and 62 fTaUe We have avalnatcd 
M3F-^peci4c T eells from both MS pacieats and eootrcte, 
aiid have coflBstiMjy fiMn)d rcspooaca to the HtiJh^^ 
74 peptide, as is diowp in Fig. 4 for two Htt-MBP-55-74. 
specific T can done* ftoo a normal donor. Although U is 
ttflfcaowa if Hu4rfBP-5^74 k enoapbalitogente in hUmans, 
the consistent appearance of Todls ^jeeific; for this deter- 

mtaaitt In nofi-diseased individnais would artue aa^ 
poserb^iHy. 
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Ffen»< PtPlifentiwi ropoiua oT n»« T cell dQnei. 
(M done I ind («j aow 2. ipca&c far HBrMBP.5S-74 fi«a t 
BonnaJ donor (W). FtriplunI blood monoinidew edb 
(PBMq at limi'inig dilinioB wne ■«?"»«»«'nt «lib Hv-MBP 

MBP ^rttcfUed hy ifaAamt PBMC to nakc T cril doofli. 

Willi tte iodictel pepodtt. Nbu the riwive ptDGfqtMn 
(npoDse to the Hii-MRP.SS.74 pepodi 



£^p« mmtag n lfB-MBP.5S-74 b BV5S2.38-5i 
pcfHldv^aiiefaaiM MS patteli 

Intewiiagly, BKBesAd witt BV$S2,5g-58 

pep«i<Je DOI onJy deacued the frequency of MBP^mific 
TceUi. b«««Iw«dttoed«jhmtoil«»nen>ofa(£to« 
recogrtjrt by M MS pMicDt A. ii io T«ble 2. PI, 
«>*M RM hftd OD^ oae of u MBP-mecille T caO dons 
Hal funded telaetiytly to tha MUP>.S^74 peptide prior 
10 TCR peptide viecuaiion, with the mittiiune dooei re^ 
ipODiiv* ID peptide 8^ J7^^ uid ».nO Tfck don. 
(xpmed TCR BV^ vliieb « tabst/tmO, d>o»ed eoi>. 
uioed a CDR2 dctenniiuia oatMcanive with (he imnui. 

with 8\«2.3«.5» peptide, mulitag fa dfalcal lubiS. 
Hon. MBP^pedfie T odl fiom patiat were 

again isoiatad ud tnted for tpedfldqr tBd, ia una Mue 
BV ms apttasioa. Satfnvvtfy, fi» of JO doaes wn' 
J»ilic for MBP-S^74. whb four efcwi apeeifle for (he 
pquida tod ooljr oae done spccjfio for the 
imimtaodoniisaiit S4-I02 peptide^ Apia, oae cbw toedfie 
for MBP.53-74 e>p»i«| TCR BV« (the Only ot-X 
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F^n»5 BvBlBalioaofTodlit^»«ja»tomniinl«iiepi<>. 
Kta (MBP) and TCR ilVI^S^3^.» peptide in mulliple sdc^ 
nx«8 pariwi FA befote and dmiag vaodoatiai with the BV12 

pep*4e. W Tl» paiieat wa« li»jB»l with lO-ZW BViaSa 
labne oacft «wkJy («xX «d then iaoBth(y ftw 2 j-wi, 
rnAbstbm i«tpoDxt lo the iadkated humBa (HuMMBP 

pepMdw a« ihown for T «eB Ktoeod belbre mi^Lm 

«*toiui«iL TT* odj uaea wiffc « nediBn: 9 BwiiB baS 
praida; (1) «4.I(B; (P) 35-74; and (R) I4W71. Note inirial 

'J^^fW H^MB^M-Ite pvtide; .tidi iwitdiod doing 

TCR peptxfe iher^- to aB.MB^55-74 ttd -149-171 pep. 

««* W The fttqiididc. of T «<U ^ndflc for (•) Ho-MV 

<*wa| TCR peptide vKriaatioa Note jtiOM iaiiial itwoiM 
» H0.MBP. «biel, dedtaed ai the patint davaloped 
ntpeuc to vaeeiaatioD. 

1>«J ooniiiieBi with ih» idtt lhat T «Ui ipecific for the 

nlS. '"'^ "'^ *^ ^ «o»iwci with 
puiauve pathogenic sped&aties. 



^tfitaeqacoee 
UdBVU 



iwmdoey bata«a Ha-MBF-55-49 



MBMl^ tod ml TCR BV8SMa-30 augBBtql that a 
spoadmt •Bftaaiti of H».MBP aod TCR BVlZ the httnto 
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bomologut for tb« nt BVg gooe. Thi& «^ mdMd the i 

wfth the nzDe four idntical ztodoes bciog pmmK viishin 
the Hii-MBP.<I^ find Hii-BVl2Sl/BVI2S2-42-50 xipzi. 
am sequences fTable I). In addition, thm wu idunity ai 
D58 tzid Q73 adjacent to the oooamer* with ai 
other poscdoxu hang potemlatty pemussive. 

EpiiQIio mtdiiag to Hb-MBP-35-74 Id BV12a^38-58 
pcpttdtHfAcdiiaied MS pvtkois 

The crm-moDvity benma Ri*BVSS2-3^ p^tkSe and 
G{>-MBP-5S-69 raocd the' intrieutng pofsibtlity that vac- 
doatioa with Htt*fiYl2 CDR2 peptide Aighi alto stiondMe 
T cell n^pontaB to Htt.MBP-^9-7< AlthODgb moft of the 
MS patieus in our TCR popiida ihtrapy prograsuDe hava 
been vaccinated with BVJ pcptidea (baaed on ovcr-ecpKs- 
8100 of B V5 by MBP-spadflc T eaUiX one MS patient (FA) 
was ucaied whh BVl2S2p3a'38 pcpddc. During tbecoune 
of creatmeDi over a 2 yaar period uith this peptide, the 
patient was evaluated for both frequency and qatope 
ApceiSoiiy of MBP-raactive T ceUs. As is shown is Fij. 5, 
patieni FA bagan therapy with a \tty high frequncy of 
MBP-fcactivc T edU (S/oulfioa PBMC^ i^ith piadominani 
T cell itacnvity id the taunu6odominanc HU*MBP^i02 
peptide and essentially no icapoase to a second daminant 
epitope, MBP^l4>.i7l. or to MBP-55-74. After injeoion 
of BV12S2 peptides, the ttqjaucy of MBP-j^xd&r T oils 
dropped to < 1 celliJotaSSM. and cnsponses dis^ipeaiod M 

aD of the MBP epitopes tastad, cooeoanitant with a scxikint 
twaasa la xasponse to the vamoatiag BVI2S3 pcpdda (to 
> 15 czBsMilUoo) and dinical mhilizadon. rntcrcstmg^. 
after l& months of i»<oiment, response to MBP to 
itappear. However, thb repose wu no lonjar directed 
agaiait the mamiaodomioant MBP-SV102 detenniaant 



thac we have associated with dinical qasodes in spitie pa- 
ttets aritb rehpoBf Instead, the tesponse had t^i- 
cbed to the 55-74 and 149^171 dctcnninann^ 

In aosordanoe with oar previous^ pubUihad dinical 
trials using BVSS2 pcpddas. thase data si^ggEsr that i^- 
dnctm of T ceU responses lo TCR pqMidcs can xnhMt 
potentially pathosemc T oeHs speofio fw dominant epi- 
topes of MBP. Monover, thei^ypearancs of T alls ^oonc 
fbr MBP-55-74 during therapy ininuca precisely the paceem 
of epitope swicchii^ that int previously ofaserved m Lcvns 
rats treated with BVg$2 pepddea.^ Given the iequenfie 
hOBiology. it is pocdbia thai this e^atope awitcb to MBP^ 
$$-74 may have been stimutaied. in pan^ by suut^sM 
vacctnatioo wJiD a Cross-icactivc detenninant ptcscat on 
the BV12S2 peptide. E^xiimnta ars curreatly in pc o y c w 
io test crw^ognition of HnpMBP-55-74 by T cdls spe^ 
eiflc for the BViaS2-38-S8 peptida, and to detonnine if the 
MBP-S5-744ped&r T oells cxpccn BV genea with 
sequences that are cms-teactivr widi fiVl2$2. 

CoodbBon 

Hio iamtgnoregulatoiy mirhanisms induced by vaccniatiGa 
with TCR peptides induda the ioducxion of p^xido-^ecofic 
T eaOa and asnbodies that can interact with the tazg^ 
puhogEate T oelts^ thardiy Inhibiting re^sonae to neuro- 
andgen. During TCR pcptkie vaodnadon m toth rats with 
EA£ and bnmuis with MB, wt have obsoved striking 
changes in the spedfldzy d these oenroantigeMpedfic T 
oeOs that suppons tht idea that tho iinnuaORgalation 
causes a switch kom pathogenic to beni^ ^eciSatis. In 
the tat model of EAB, the Gp-MBP-55-^ defifintiinaBt b 
not ooiy bcnigju but also protective apinst £AB. This 
procoeiion involvas the induction of MBP-iS-d^-spedfic T 
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«J»ni piApou thai ihe MBp.35-fi9 itoSu^t^T^" * 

•^tchln, «» JJp.^'3*^-^^f»a«'.»o epitope 
f CR pepode T edit proent is MS patieott »™'^'* 
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Rcfenaoes 

•iaSS^-ir <TCR p^riidMpnflD T trill 
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nutt withiA ihft Lms ibi lequeacc mctude CDVil ud 
fnoMCKk 3 kliQCQpci; /. .Vmnt An. i9M; ^ l3>-45. 

muli^ ulenub witb T oefi maepcor pepo^- AootEf of A 
ck>BU«^Ni»l pool biaL A'jninr Jtfi^ 1^ 

33 Bour(kueDHWhimmIUf,CteYKHdLIiimm»tyipT 
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A T cell receptor antagonist peptide induces T cells that mediate 
bystander suppression and prevent autoimmune 
encephalomyelitis induced with multiple myelin antigens 

(ftltirarf pcpUdCB/tmannc <k«laH»«/rtt»Ulory T ecJIs) 

Lindsay B. Ni£>K)LsnN*, Anwar Murtaza*, Bj«an P. Hafler*, Alessanoro SFTiEt, anu Vuay K. Klchroo** 

'Orour Fw Hwiulqgic Di9C8gc% I ligham aiwJ Women*! f ImpUal and lUnrsfd Meoicr: SdinaL fkxion, MA 021 J5; and tcytcl CuipundoQ. 
CammuRieoMtf 6y IQmishige IsAzaka, Ktrin Brrwery Cotitpany, Tokyo, Jupon, Jm Uj /997 (imiwd for tievkw S^pttmberZ 1996) 



ABSTRACT ExpcHiMB tal aotolmmuic enccphalooycU- 
tj% (£A£) induced with v )rel(n procaollpJd prouin (PLP) 
residues D9-151 (HSLGKV lx;HrDKF) can be prmoted ty 
rrvatmeiiC wltb a T cell c« cptor fTCR) anUeDDlat pcpUde 
(U44/^147) generated by (ubsUluUpg at the tm% prlndpvl 
TCR coBtad restdocs In tj c enecphalicog^ic peptide. Tbe 
TCR antagunia peptide bio iu acttmtloa of eaoepbaUtogeaic 
Thl helper celb im nuo^ b il the mcdiaofsms by wtilch Clic 
antagonist peptide blocks I AE iit rm are not clear. Iimiua* 
nballon with tl44/RI47 d d not lohlbtt gcneraUw of PLP- 
(139-l5l)-5peclflc T cells 1 1 vivo. Furtbcniuire» ptelmnuini- 
latloD with L144/R147 pr »tected aalce ftoia EA£ tadoeed 
with the eneephalitogeiric pi [rtldeN FLF*( 178-191) and nyeliB 
oligodendrocj-te protein (h (OG) naldun 92«10tf and with 
moose myelin taslc protein (MBP). These data suggest thai 
Ihe L144/R147 peptide doc t not act as an antagonist im nvo 
but mediaccM bystander sa( presaton, probab^' fay the gener- 
atlon of regulatory T coIIb. conllnn this we geaenled T cell 
lines and doDcs from asimala immuDlaed with Pf^-( 139-15 1) 
pins U44/IU47. T celb specinc for Li44/R147 pepUde were 
cronrvncUvc with (he nattve rLr.(U9-t5i> peptide, pro- 
duced Th2/TliO cytokiBetty and aopprwed FAE upon «dop> 
lire transCrr. These atadlea demuostrate that TCR antagDolsl 
peptides nay have muUiple biological effects as Wm. One of 
the principal rnKtunlsms by which these peptides inhibit 
autoimmunity la by the f ndoctf oa of regniatbry T eell^ leading 
(0 l>7Stander nipprtssion of EAE. Tbcae results have Impor- 
lam Implicattoaa fbr the treatmcut of autoimnutae diseasei 
where there are antopathogenlc responses to nuldple antigeos 
in the largri organ. 



T cell C|Mtopes denVcd from proiein antigens may induce 
immuni^ or suppreniun (1). An immunogenic cfntope can be 
converted to a suppressor epitope by changing a single amitho 
add. A clear emmple of this was deacnbed in H-l* mkc whidi 
develop helper T cell responses to the copolymer of Glu and 
Ala (GA) and tdcru^ic responses tu tl^ copolymer of Glu, 
Ala, nod Tyr (GAT) {X 3). Therefore KufavtitulUm of tyrosine 
in the GA polymer induced suppressor T cells thai were 
crossreactive with the immunogenic CA molecule and con- 
verted immunogenic GA into an immunosuppressive mole- 
cule. This result was atlributed to tfistincl binding of immu- 
nogenic and tolerogenic epitopes to different H-2-linked gencK 
(/r veisusis genes). However, the feOure to identify distinct Is 
genes has led researchers In the field to reexamine this 
pbcnoinemin. We have been studying the mccbanisms by 
uislch autoimmune disease can be regulated with a view chat 

Xh€ pubUcadoQ eoitt of cha article wcfc defriftd In pan by pa^p cfaai^ 
jMyoeiit. Thk anlcle musf ihcrefeie be kettfcy eurksd '*&dmUstmenr in 
Koordiacc wiUl 18 UJiC fflTM loielf to iadfeata cha (iict 

O I W7 hgr Hie Nitiosl Amko^ of Scicm aDn-8<24/97m9279^QO/0 
7HAS h ovaRaWc ontiM SI hnpc//«««.psiuaf. 



the nature and role of regulatory uelbi can bo tested w v/vo in 
an autoimmune disease seiring. 

Analogs of encephatiiogenic peptides have been known to 
protect animals from the induction of experimental autoim- 
mune encephalon^elltis (BAB) for a number of years (4, 5). 
Originally it wax postula^ that the principal mechanhm by 
whidi peptide aoalogK mediate protoctioq was major histo- 
coinpahl>ibty compiei (MHC) blockade, and this was thown lu 
be the case for peptides with high affinity for MHC class II 
mduculctt (6. 7). However, a number of observations raked the 
pnssibiUiy that MHC btockadc was not the only mectianism 
responsible for protection (8, 9). The dcscnption of altered 
peptide ligands generated by single amino add substuuUon of 
the antigenic pepiide that could act as T cell receptor (TCR) 
anla^n isU or partial agonists of various T cell clones provided 
a frumework iw understand tho actions of many peptide 
analogs (10-T3). Wc have shown that an analog of the en- 
cephalitogenic myelin protedipid proicm (?LPH139-i5i) 
peptide (14-16), L144/R147 (with substitutions at the (wo 
main TCR contact residues), is a powerful TCR antagonist for 
encephnhtogenic PLP-( 139-13 l)-sped6c T cell dones us ntio 
and is able to protect animals from the induction of EA£(17). 
This effect wu in contrast with that of a second, weaker, TCR 
ama^ist analog L144, whlcb had little or no effiect ou the 
dcvckipment of clinical diaeasc. While the ti vhfo proiocth^e 
effects of LI44/Ri47 couU have been due to antagonism of 
HLP-(]39-131)-specifiG T ceDs, the observation that mice 
coimmunized witti L144/R147 phis the encephalitogenic pep* 
ride PLP-(139-151) and without a^gns <^ clinical disease 
developed inflammatory foci within the central nervous sys- 
tem suggested thar L144/RI47 was not simply ablacing BAB b>' 
inhibiting the development of a PLP-(139-151>4pecific T ccH 
respcuise. 

To investigate the mechanism by which the TCR antagonist 
peptide L144/R147 medlahsd ite protective effects in vivo, we 
tested the effects of L144/R147 on the induction of EAE with 
other unrelated encephaEiogeolc peptides and. proteins dc- 
rived from central nervous system oiyclia Wo found that, as 
w-cll us protocting from BAE Induced with the encephalito- 
genic peptide 7LP-(l39*L5i), Ihe U44/R147 peptide can 
protea animals from EAE induoed by another encephalito- 
genic PLP p^ttde and by the unrelated myelin antigens myelin 
basic protein (MBP) (13) and myeUn oJigodendPOcyu glyco- 
protein (MOG) (19), exdudhig the possOiility that protection 
was simply due ui TCR anugonism in mo. Our data fimher 
suggest that the L144/R147 altered peptide induca bystander 

AbbicvxMionc MHC; msfor Usucnmpardnhiy DompbouTCR, T ecU 
receptu; PLP. myelin pniteoflpld protein; EAE. ciperiaefllal auto- 
immuiie enccphalomyditii; MBP, JX^Xxn basic protein; MOG, myelin 
oltgpdMlrncytc protein; Kasa, neuraiiMnidaie: CPA complete 
Frcuad^ adpivam; LNC, Irmpb node cclk; IPS', inierfbroo; IL, 
inrctteuUn; PCC, pigeon cytochrome c 
tlQ Whom repriai fcquens should be addressed. 
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92fiO ImmunofOKy: Nicholson a at. 

supprraion by generating regulatory T celU thai crosssreaci 
with the native cnccphaliuigenic peptide PLP-(13V-151) and 
that transfer of (hese cfossreuccivc regulatory T cell lines can 
pruieci against the development of EAE. 

MATERIAU AND METHODS 

Animab. Poor- to 6-wicek-old femaie SJL ixooc were pur- 
chased frorn The Jackson Laboratory and Ymuscd under 
virus-free umrticiona. Hiey were maintained io aceoidance 
with the guidelines of the Cnmniittee on Animals of Children's 
Hospital and Harvard Medical SduNil. 

Antlstns. Peptide antigens were syntheshccd hy Richard 
Launen on ■ Miiligen model SK150 synthesizer ufiog Fmoc 
chemistry. MiUigcn PAL amide resins were used to produce 
peptides with C-terminal amides. Most peptides were >9n% 
pore, as dctcrmi'ned by HPLC The peptides used in these 
experiments were PLP-{ 139-151) (HSLGKWLGHPDKF). 
L144 (HSLQKLLGHPDKF). Q)44 (HSf^KQLGHPDKF 
LI44/R147 (HSLCKLLGRPDKI-X PLP-{17S-191) {.VnVT- 
TCQSIAFPSJC), MOO-<W-106) (DEOGYTCFfROHSYQ), 
and neuraminidase (NaseK101*!20) (EALVRQGLAXVA- 
YVYi£PN>n). MOC-(92-106) andmmise MBPwcrc the kind 
gift of A Al-Sabbagh (Autoimmune lac, Lexington, MA). 

PreliubaDiaaUoa, Isdsetloii, and Asscssmtnt of £A£. Mke 
were preimmonized by injecting sx. at two slt» with the 
relevant peptide (100 or 2U0 Mg per mouse) emulsified in 
complete Freund's wjjjuvant (CPA; Difeo) supplemented with 
Afycobaaeriian lubeKulasii H37 RA (500 fig per mouse; 
nifco). Three lo 6 «^eks later mke %tTt immuiiized with the 
disease-iaduci^g peptide or protein (2S-200 ^g) emulsified io 
CPA ood supplemented with Af. tubeftuhsis H37 R A (500 Kg 
per mouse). On this day and on day 3 after immunoalioa each 
mouse wus also injected Lv. with \{p hea^killed BordeuUe 
pertussis bodOi (pertuxsis vacdne lot no. 2&5, Maaaacbuseits 
Public Health Biolc^cal Laboratories, Benton). Mice were 
examined daily, beginning on day 9, for disease, which was 
assessed dinically acunding to the fc^kswing criteria: U - no 
disease, 1 = limp tail, 2 • hindUrob weakness^ 3 * hindlireb 
paralysis. 4 = hlndlimh plus fhrclimb paralysis, and 5 ■ 
moribund or dead. 

In ViUo Frourcnlion and Cytnklna Assays. Mtee were 
injected s.c. at five sites with antigen eniulsir^ in CPA 
containing a total of 250 Mg of mbixuiosis H37 RA, Mice 
tminunized with a siiigle peptide received a total of 100 ^ of 
antigen; mice immuoized widi a misiure of PLP-( 139-lSl) and 
an analog peptide received 200 m« of PU*-(159-I51) and 
either 100 ^ or 300 ufiiecond peptide (i.e.. a total of 200 
400 Kg of anr^en per mouse). On day 12 lymi^ mido «m 
removed and lymph node cells (IMC) were prepared fioro 
ihem. LNC (4 x 10* per wcU) were cubured in triplicate in 
96-^'ell round-bottom plates (Faloua, Bcctun Dickinson)^ in 
the presence of antigen, for 48 hr. then PHJtbymidloc II ^Ci 
(37 kBq) per weDJ was added for the lost 16 hr before 
harvesting the celln. (*HJTIiymidine ineorporatioa was deter- 
mined in cripltcnte «^ells in a Beckman scintillation counter 
(model LS 5000). The data were expressed as a stimulation 
index, which was calculated by dividing the proliferation (cpm 
incofporatcd) measored in die presence cif antigen by the 
proliferation measured with meduim abne. 

To measure the concentration of cytokines, supemataaa 
were collected from activated T ccfU (5 x 1 0* T celts plus 5 x 
10* syng^eb iiradiared spleen cells per well in the presence or 
absence of aoti^), 40 hr after activatioo and dilated with an 
equal volume of fresh culture medium. Inlcrferoa (IFN)*7 and 
interlcuklna ILZ IL-4, and IL-IO were measured by quanu- 
tative capture ELBA according to the st^pher*] guidelines as 
previoosly described (20). 

Derivation aad Adopttva Trmns&r of T CaB Una and 
Qoncf. T ccU lines were generated from LNC from mke 
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immunized with PLP-{ 1.39-15 1) plua LI44/K 147 and culniM 
in syngeneic serum widi the appni|marc antigen (20 jig/mi^ 
for 5 days. T cell blasts were purified over a FicvA\/Rfp^ 
graUicnl and expanded Long*term culture and dnning we» 
carried oat ax duscrfticd (20). 

i cell lines for adoptive transfer wttc prepared from oitce 
immunized by usmg the same protocol used ^ the &i vtcrt) 
pnili/cration assays. Lymph nodes were removed on day VO ntu^ 
IKCwcrc rcsuspcndeJ at a txmccatration of 6-10 X 10* cells 
per ml in culmre medium containing 0J% syngeneic serum m 
place of fetnl bovine serum. CeOs were cultured in the presencsc 
of various ant^ens (20 #i«/ral) for 4 days, then harvested and 
purified over a FicoU/Uypaque gradient Cells were resus- 
pended in PBS oi 23 X 10^ tclb per ml and injected Lv. mtu 
redpienr animals (OJ ml, 5 x 10* celb per mouse), then 
recipient mice were immtmizBd with die peptide PLP-(17b* 
191) (10-100 M'g per mouse) as described atove to induce 
active EAE. 

RESULTS AND DISCUSSION 

We genv aied a peptide analog of the enccphah'togenic pep- 
tide PLP<139-151) by xeplactng the two prmcipal TCR con- 
tact residues within the peptide with leucine (L) at position 144 
and arginine (R) at poattioo 147. This peptide analog (L144/ 
Rl47) acted as a TCR antagonist for enoephalltngenic Ihl 
clones, blocking iheir actuation m viiro. Furthermore, cotm- 
munizailon of .^L mice with a mixture of the enccphahiogeoic 
H-P^l39-15l) peptide and the TCR antagonist peptide 
LI44/R147 resulted in inhibitioo of disease (17). It was 
assumed that the mechanism by which L144/R147 peptide 
inhibited autoimmune disease depended upon antagonism 
prevemiog the generation of eocef^aKcogenie T cells m vivo. 
However, ihc obstipation that L144/R147 plus PLP-(139- 
151) oolmmunized mice that arc protected from developing 
EAE have T cells which invade the central nervous syatcm 
suggested that L144/R147 may inhibit HAH bry mechanisms 
odter than simply antugumzmg the induction and activation of 
PLP-(139-I51)^pecific T ccUs. Two csperimcnu were per- 
formed to determine whether L144/R147 inhfliited E AH only 
by acting as a TCR antagonist im w w. The L144/^R.147 peptide 
was tested for its ability to inhibit the induction of FLP-(139- 
i5])-kpedric T cells and to prevent EAE induced in vivo with 
other oiyelin xmti|;enK. 

To determine if the L144/Rt47 antagonist peptide could 
block tike generation of PLP-f ]39-151>specific T celb, mice 
were coinmiunir-cd with L144/R147 and PLP"(139-151). L144 
peptide, which is ahm a TCR antagonist, was used as a control 
in diese esperiments. LNC were derived from animals immu- 
nb»d with PLP-(139-151). PLP-(139-151) phis L144, «id 
PLP-(139-151) plus L144/R147 (F«. 1 n-r). Tbe proUfcrative 
response of LNC to PLP-(139-15]) was not signiTiamUy 
reduced by coimmunizatiott widi either of the auiagonists. On 
the other hand, iromnnoation with L144/R147 akme induced 
T celk which were activated by U44/R147 and could also 
respond to 0144 and PLP-(139-151) at high conoenlnuinns 
(Pig. I^. Therefore rj44/Rl47 does not prevent the induc- 
tion of PLP-(139-LSl)-spednc cells, nor does it mediate MHC 
blockade In mVy but it induces T celb that arc croasreactjve 
wkh the PLP^139-151) pq>dde. 

It was of inuatst that fbllwing imimmizatioo with a mixture 
of PLP-(139-U1) with either the Lmor1.144/Rl47 peptide, 
proliferalrve responses in vin to L144 or tl44/R147 atone 
«tc much bwer than reipotnea tu PI-P-(139-I51) (Fig. I b 
end cy However, T cells specific tor L144/R 147 were ^Der- 
ated in (htt coinmonlzatioa protocol, since we couhi derive 
L144/R147-cpeaTic T ceD doncs from mice immvoized widi 
PLPK}3S|"15l) plus U44/R147 wkidi responded specifically 
lo L144/R147 (data not shown). A number of factors may 
contribute to the low responses lu L144/R147 and U44 wheo 
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Fta t. Thtr r.l44/K147 TCR 2alapm\m doa not block the 
KcnenliuD of PLP-{13«-Ul>^dRc T celK Gmupi of mioe wera 
■mmimizcvi »ith 100 MS of PLP-(13»-151) {a), 100 of PLP^139. 
151) phtt 30O Mg of H44 (6), 100 Mg «l P1?^139-IS1) pluK 300 Mg of 
U44/R147 (c), or 100 Mg orU44/RJ47 (cQ. TVeKc dip iftcr 
inimuAizaCioii LNC were reouivcd txxl acuvmkJ m with ihc 
PLP.(139-1SI) pAtivc Of wuiog pq}Cjdcs sbofwn or wiih • control 
DeptidB (daiA uM shoMra). Pkoli'temkm aueswd by ftddmg fmec^ 
^HJUifmidine after 48 hr and hamobg Ig lir later, and a scuoutatiim 
index was calcuUced. The background prolifexmUoa (cpxn) of IMCa 
without inogen was JW30 (o). njm {b). 4^ {c% and L970 (d). 

mice arc tinfflunized with ilicse peptides together with FLP- 
(139-151). The frequency of T cells able to respond to 
PLP-(ia9-l5l) may be greater chan the frequencv of T cells 
oble to reload to L144/RU7. In addttioa. the native ?L?- 
(D9-151) peptide oay act as aa aatsgoaist for the inducttoo 
of L144/RI47- or Li44-«pocific c&fls v^iicfa may reduce the 
proliferotive response m ytro. Thw effca U not doe to differw 
eniial biading of PLP-(139-151) ow U44/R147 or L144. 
since all three altered peptides bind with similar affinity io lA' 
(17). 

To investigate whether the L144/RW7 antagonist peptide 
affected disease induced whh other myelin antigens or whether 
its effects were restricted to disease induced with the related 
peptide PLP-(139-151). mice were preinununizcd with L144/ 
K147 and disease was induced with a number of uiuelated 
enccphalitogens (Fig. 2 and Table 1). Font we uUlized a second 
enccphalitogcnic region within the FLP moJecolc, PLP-(178- 
191), and we found thai L144/R147 protected mice iigainat the 
development of EAE iDduced with thb unrelated PLP peptide 
(Fig. 2ci). Tlie peptide had only a slight effect on ihc disease 
incidence but hod a aignifjcBut effect on the disease severity 
(TaUe 1). Mice preEumnunized with L144 or the n6p-pre- 
mununiud control mice developed disease that was signifi- 
cantfy more severe than xrUpt prexmmunizcd with Lli4/R147. 
Disease following preimmunizacbn with the native PLy-(139- 
151) developed earher aod was less severe than that of the mice 

preiinmunl2edwithU44ornotprcifmnnnize4 although these 
differcnoes were not statist&caUy ngoificabt (Tabic 1 and Fig. 
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Fto. 2. Prciramimintion with I.Y44/R147 protects aniouli from 
EAE induced with PLP^7B-191) (a), MO(H92*106) ft), or mousa 
MBP (r). (fiaur nr five per gffom imUDO «ig cf peptids per 
mouse) weic preimmunoBd whh U44i U44/RI47, or PL^(I39-I3t) 
or were not ioununized 3 weeks beCbrc immooiarioa with 7Li>w(178- 
MOC3-(92-106) (200 i»g per mouse), or mouse 
MBP (200 M par moa5a» 2 timo). Mke immiuiized with motse MfiP 
rtceircd two Smmunhaiioas with antigen 1 i«9ck or 1 month apart In 
the tatter case the second imoiuoaation was taken as dsy OL 

2a). These data suggest thai the protective effects of U44/ 
R147 did not depend on immiinicaiino wkb PLP-(139-I5I) 
and were not restricted to disease induted by thai peptide. 

To dffme whether the U44/R147 p^ttde would confer 
protection from disease induced with unrelated inyelia ami* 
gens, groopi of animals were preimmmuKd with vaiuias 
pt^idcs and cfaallei^ with either the cncephalitogenic 
peptide MOG-(92-IO^ or intnct MBP. Mke prcbnmunaed 
with U44 r PLP-< 139-151) or tsnimmunitcd controls cspc. 
rienced an initial episode of mfld Asease afUr hnmunkatkm 
with MOC-f92-106) which remlned spontaneous^ by day 2a 
This remssitw was followed by a mut^ more severe xelapse 
and chronic dbcaac which was mah&tained through day 55 (Fig. 
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•/» < 0.05 by r test compsired with no prcininuiiizatioaL 

r * ^ ^ ^ com|»fed with no preiniinttoiuiim miP< 0.05 comoved with U44. 
^Acute diMse n taken fts diieue onset on or before day 20. 

J^^nIliL5l.nt^^ ''^'^ ""^ P«unmuai«tion or pmimmuniiaiioo with PLP^139-151). P < 0.05 compared wiih 

V < 0.W by nibcr'i ena len compced with no preimmunizariQn or preimnHinizaiion with Ll-U. 

'Acute diieue is riken » dbeiue onset on or befocv 25. 

JP < a05 by Kiiher'* eua test cooked with no preinmniniaaiiDa. 

P < 0.05 hy Merm-Whitney U tew compared wiih no pretniniimiuiioq or prtimmuoizadon with Li44. 



26). Jn cotnparison to uaimmQatzcd mice, animals pi«imfnu- 
nixcd with tlie conlro) pcpliJe L144 or the native PL? peptide 
139-15 1 showed no chungcs in the dtscasc inddcDcc, scvcrit>* 
or day of onset [Tabic 1. MOO-(92-106} groupj. By cunUmTl! 
the L144/R147 preimmunisxd mice were armuKi Jtsmplctcly 
protected ngainxt the initial aculc q>icodc nfcCscasc induced 
with MOG.(92-106) I? < 0.001 compared with no preinunu- 
ni2ntion or prtinmuntzation with the native PLP'(139-151J 
peptide, P < 0.05 oonipared with preiramunization with U44; 
Table IJ and showed a a^ificantly delayed onset of disease 
(TaWc I). Mice immunized with MBP also dev^ped EAE. 
but die disc&^e was aigniricantly delayed atnd iKcnrred in 
sigiiificortc]? fewer uiifnntK pretrcatcd with LI44/RI47 com- 
pared with iip preinimun ha tion or prcim nun tzation widi 1 . 1 44 
a^conirol IA» binding peptide Nue-(201-120) (Fig. 2c and 

If the U44/R147 peptide acted in vwo only as an antagonise 
f FLP-(139-151)-spec^ T cells, it should have inhibited 
£A£ indut«d with this peptide but should not hove affccud 
diKease induced with the other myelin antigens. Because the 
aiitagtmut M44/R 147 peptide did mhibir disease induced with 
odicr imrcl&tcd myelin aniigens. wc concluded that iramimi. 
zation with the L144/Rt47 pepu'de can initiate bystander 
suppression. Fiirthennore, coimmuoization with PLP-(139- 
151) was not necessary foi this to occur and therefore TCR 
antagonism was not the only mechanism by which die L144/ 
R147 peptide mediated pioteciloa m vivo. We dien coosidcrcd 
two other posvblc mechaoismt: L144/R147 may selecuvely 
antagonize the ^neisitooof encepbafitogemcPLr-(l39.151) 
T cells, allowing the develnpmenl of Pri>-< 139-1 51 J-spccific 
nonpathogenic regulatory cells, or h may itself induce regu. 
latorv cells which aro ciossnactK'c with boih L144/11147 and 
PLP-(139-151) and which suppress d^ase. 

Prcvi us studies hwft shown thai immuoizaticm with a 
tolerogenic form of dte antigen induces effector suppressor 
cells which, when acttvalcd dther by iho, antigen or by ami- 
idioiypo-toearing transducer supptcssor odla, mediate by 
rtamfcr 8uppr««iun of responses to other antigens pment with 
the unmunc^n (21). Although effector suppressor cells are 



antigen specific once activated they produce faclon that 
nunapocificaily suppress immune responses toother antigens in 
Ihc vicinity (22). This suggests that the final molecule that 
supprcMcs immune responses is probab^ an antigen- 
nonspodfic regulatory molecuie (probably a suppressive cyto- 
ki'nc). Bystander suppreasiun also occurs after oral adminff- 
iratiou of anligetis (wal loleruncc) (23). In that jiystcm it is due 
to trattsforraing growth factor 0 and Tb2 cytnkinc^mducing 
regulatory T cells which suppress EAE and other outoinunune 
diseases in a dssue-speciEc manner (24, 25). To test whether 
ihe L144/R147 peptide induces regulatory T cclb which 
tramfer protection, animals were unmunized wkh L144/R147 
oran irrcfcvant lA'-Wnding pcpride, Na5e-^0l-l20J or pigeon 
cytochrwnc c residues 92-104 pix^92-104)], LNC ww 
harvested. reacUvated in vUfo fiir 5 duym ami then iranalerrcJ 
into mice that were simultaneously imtnuntzcd with PLP- 
(178-191) to induce disease. Before transfer the LNC ftum 
mice immunized with L144/RI47 were reactivated in vUm with 
cidier L144/R147 or PLP-(139-151) peptide and the LNC 
from control immunized mice were reactivated with the ap- 
propriate peptide. As an additional control in these eaipcti- 
mcuts we inchttlcd groups uf mice that were not transferred 
LNC. In twi> experiment 7/10 mice thai did not reccwc celh 
developed disease. This occurred 1-2 days laler dian for mice 
that receded celk, and it suggcat» that cell transfer Itaolf can 
change the pattern of disease onset The adoptive transfer of 
celb from mice immunized with L144/R147 protected mice 
from disease^, and An protection was greatest in the group of 
m«c given cells activated us vrim with U44/R147 (Fig. 3). 
Data fr m two independent experiments show that adoptii^ 
transfer of shun term Tcell Gnca sdrvatod with the antagoniil 
L144/R147 peptide lowerx the iRddenuc of disease to 4/10 
compared with the group of mice transferred with T cell Hoes 
anivaied wuh dw control peptide (8/JO). Therefore the 
madttice f disease in the mice cransfiBrrcd with L144/R 147 
pcpnAi-spedflc T ccU Ifaso was half of Oiol seen In die mice 

moflgh this difference did not roa** statistical significance. 
There is no differcntc in the tncan maximum severity between 



06/21/1999 11: 
lUN IG'Se 11:10 FR CISTI URCKWT SKRV f 



Immun li)gy: Nichofu)n ei tf/. 




I I I 1 1 1 r— T 

0 5 10 15 20» 30 36 40 



Fig. 3. Tmosfet of %kotx itrm T Ibiai frocn mtcc umnunizod 
with U44/RU7 bQt not cotitrol pepufo pnxecu aninnb frum 
discAse. T oeD Itnn »err rcsttotulaced in >^ with L144/R147 ur 
PI iHl W*15t> (LNC from mice toimuaizcd with U44/R J47} or with 
NaM-( 101-120) Of PCX;<W-104) |LNC from mice immunBed witii 
Kiio.(im.12n) or PCCKStt.|W), ngpectiVet^l sctd transfeiied Lv. 
(S X i IP celU p«r muse) m the time ol ifnmunt»tk»i to mduce sciive 
disease with i biw dose of PLP^lTfi 191) (10-50 jAg per mouse). 

givufw. Ji should be noted that in these expenzncats (he Tcell 
iineR being ic&cud for Ihc protective effects are specific for ibe 
antagonist peptide of PI J>-{I39-I5l) sod chc mkc nre immu- 
nized wiih an unrelated encephalltpgenic jieptide PLP-(nA- 
191) for the development of EAE. Thu» transfer of antagruiiit 
pcpridc^pcdfic T ccUb has co rtguUu the autopathogenic 
cffeclM f if encephaliiogenic T cells that are continuously being 
geneiaied and arc specific for an osrelaied encephalftogeoic 
epitope. This donoostratcs directly thai LI 44/11 147 peptide in 
VIVO does not mediate its protective effects by antagoiuuiig ibe 
gerteratioik of encephalitogeoic T cells but induces regulatory 
ceDs that incdiatc the bystander suppression of EAH Induced 
with A strocturaliy unrelated enoephalitogen^ 

To analyTc Ihc roeduioim further. T cell lines and clones 
specific for the ontagoniai peptide \J 44/R 14? were gcncmfod 
and tested tor prcrfiferati^ie responses and cytokine production. 
Three independent tinea were generated' against the L144/ 
R147 peptide. All of the Toell lines specific for the L144/K 147 
peptide generally produced cytokinca of the ThO pheootypc 
which mcluded rFN%y, (HO, and llA (daU oot shown). A 
panel of 16 T cell clones y^as esiablished from one of the lines. 
Seven of these were crossreact^e with l'JLP-(139-151) (date 
not shown). Eight stable clones that showed a signiScani 
amigen-specinc rcitpimsc to LI44/RI47 were analyzed in 
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TW) phenotypc. Rw of the eight clones showed ccossreactivity 
with the peptide PLP^139-15I ) and rbur of rhc fWe clones that 
pnilifentfcd in response to this peptide afaKi sccrcicd dciect- 
abfc IcvcU of the same cytokines (Table 2), None of the donw 
secreted siipiiHcant levels of transforming growth factor ^ 
(data not shown). Analytts of TCR V0 expression by five 
doces demonstrated o dhrerse reperuiine wiih the expression 
V014, and an unidentified TCR Vft showing thai they 
were not sister clones (data not shown), althouj^ there was 
possibly an ovcr-repreaentalioo of V^6^eariog dooes. 
Whereas Iheenoephulitogentc PLP*(l39-15i) peptide induces 
Thl (IFN-y, tumor nectnais factor a) ccU^ our data flemoo-* 
sixate that immunization wiUs the TCR ontagohist peptfdc 
L144/RI47 can induce croasreacilve T cells which are of a 
ITiZ/lW phenotype and ihat Uncx derived from immunization 
with LI44/Ri47 can regulate tissue destruction within the 
oenlral nervous ^tcm and pfeveni dinkal paralysis. 

The altered peptide L144/IU47 was originally designed as a 
IXL'K ant^gonitt aod wu effective in blnc^mg die activalion of 
Thl dones speciTic for PLF^139-]51) m vUn>, in -spile of the 
divcmity uf TCR op chains uiilixed by the clones. broad 
iahibitory capadty could be ratiuxuJized un Ibe basis of the 
finding that all T ceil dones mfyzcd recognized the peptide/ 
MHC in very similar ways and» midaliy, all utilized the same 
primary TCR contact residue (W144). Itie L144/R147 pep- 
tide was abin found tf> be an effective inhibilor of EAE in vivo 
when given either at ilie time of nrnnuntzaTion or at the. onset 
of clinical disease (17). Hciwever, (he mechanisms hy which a 
TCR antagonist peptide mediates protection against auto- 
pathogenic T cell responses in yivu hnvc not been determined 
(17, 26, 27). Our results iUustrate the complexity of the 
mechanisms underlying this phenomenon. Direcc antagonism 
of PLP-(139-l5l)-8pedric T oclb probably accounts for some 
of the ability of Li44/RU7 to amcUnratc EAE when ghxa at 
the ussei of disease (17), but as the data presented heiv 
indicate, immunization with L144/R14? m CPA can also 
induce regulatory T cells of a Th2/Th0 phenotype wh^ 
transfer protection even to unrelated tnyelin antigens (MBP 
and MOG). It has previottsly been demonsnated that suppres- 
sor celbt may have a mixed cytokine phenotype, produdng both 
Thl and T1i2 cytokines. Whereas Thl cytokines can inhibit 
Tb2 cells and Th2 cytokines can antagonize Thl cells, a cell 
pmdudng both Th I andThl cytokines is capable of inhibiting 
both Thl and Th2 celU by the v jriuc of cyto4cincs il pitxlucca 
(28). It is interesting to speculate that in infectioA with human 
immumidefictency and hepatitis B viruses, which elaborate 
varinm ania^initftic epitopes (29, 30]L this mechanism may 
coot|ibute to chronic infcctioD both by antagonizing virus- 
specific T cells and also by canshig unmune deviation toward 
a Tb2 pheniMypc which win itirther inhSblt the generatmn of 
protective Thl cells. Uaing another peptide analog of P^*- 
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case iSue I ioimune deviatioq (20). Other studies have sug- 
gested that adminiatracioa of altered peptides results in a 
deoeaac In the pnnnflaihnuitory cytokhies Cumor tieciosii 
(acutr a and IFH-y and an efflux of iaflammaiory cells from 
brain lesions (31 ). Similar chservmtioos have been reported in 
an expcrimcatal moilei using altered peptides derived from 
human collagen TV (32). However, the present study btitigs 
together ivio important concepts: (i) The TCR aaUgooisr 
peptides do not prevent auiaimmanity solely by antagonism i>t 
VIVO, but induce rectory T cells, (u) The legulatory T cells 
mediate t^ander suppression and inhibit autoimmusity ini- 
tiated b¥ T oeUs ipedfic (or a number of autoanttgens present 
in the target orgaa 

The mechanism by vhkb altered peptides indupe T ceUs that 
regulate immune ccsporocs is iinkiiowiL It is ootewocthy that 
a predominantly Th0/Th2 rrspcmse dcvdups even -after im- 
muniiation with TCR antagonist peptide emulsified in CFA, 
which is Icaown to stroqgly fawor die development of a Thl 
response (33). One possibility is that altered peptide ligaods 
en^ige the Itnis of iiam Tk^ cells, which woold go on to be 
fiJ'H[l39-151) specific, with a lower avidity that is suffident 
to alter their differentiation to i Th2/11iO patlm^ as has beeii 
described in TCR tranageoic systems (34. 35). If this were the 
case then one would predict that the TCR spcciGcity of the 
clones for fLP-{i39-151} and L144/R147 peptide analog 
would be unchanged, and vc Gad that this is oot the case (M. 
Prabhu Das, LB.K, aiKl V.K.iC^ unpublished results). It 
therefore seems likiely that immunization with the L144/R147 
altered peptide recruits a different populadonof coAs and that 
these cells ate also of a difCcrent plienotype. If differences in 
TCR/MHC/pep'lide avidity are respimsihlr. Cor die diBcrcoccs 
in pbenotypc at die population level, then this predicts thai the 
average avfdity of the populatioa of T ceUs which recognizes 
FLP-(139-i5l) 11 diffneat from the average avidity of the 
population which recognizes the altered peptide. These dif- 
ferences could arise because the repertoire of T ceils in the 
periphery available to respond to FLP-(139-151) ifl atfiected by 
mcchaoisina of central and peripheral tolcraace to a greater 
extent than the repertoire of ceUs available lo respond tu 
altered self peptideSw Aoothet possibility is that L144/R147 
selectively anlagunizei eDoephalitcjconic Thl prccurson but 
expands regulatory T cells directly actiitg as an ^gqoiat for 
diem, litis model H consistent with the differences we have 
observed between cncephalitogeDic Thl and regulatory T cells 
(M. Prabhu Das. L&N^ and VXK, unpublished rendu). 

The derminttration that bystander nipprcssion induced with 
a peptide antagonist is cffiectivc in ameliorating <Sscase caused 
by structurally unrelated oxyelin antigens argues for ici iliera- 
pctttic importance. Oearly« if protective knnsunizatian can be 
ftslahljthed with a single TCR antagonist pqiride which itself 
is noapatbogenic; aatagooizes specific pathogenic Thl ceils, 
and imluces regulatory' T oaDs. it nay provide a desirable 
therapeutic option for use in the treatment of many autoim- 
mune diseases. 

We Uiaok Deepak Kaul and Ednrard Howard for Ihcir technical 
attlscancc and Sbrioa Wabman ami Raymood Sobel Cw Ihoi^trul 
review of die Ottnascrvt. Tha work waa tuppuried in part 1^ gnmii 
iirom die Nadoaal lostituta of HeaUh, >B.30843, aad 
NS-F01AI39671, and by the NatiuosI Mukijik Sdemis Society. 
RQ2571A2 and RCZ32QB3. UX is a IVnklactunI Fclhiw of the 
Notiooal MuUipLe Sdetosa Society. 
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A Viral Peptide with Limited Homology to a Self Peptide Can 
Induce Qinical Signs of Experimental Autoimmune 
Enceplialomyelitis^ 



Anand ftl Gautein,^ Roland U Wan.* (k«tb ChdvanaTagam,^ Lawraia Stdmnan^fi and 
Taqya Boston* — — , 



T helper mogoize fineigD pcptidtt bMM to MHC 
dm n mokozlcf oa Alt^ <I-4>. In bd A2zi^nniB»W 
Bue, MHC elm 0 moleeuki cm hind aul |vtsem sdf 
pejRWet ID piihogenic T odl» C5, <). Ttorft^ 
reactive CDi^ T celli n ■ qnchl in rfi* mA»M| ^^ ^tf -. ^ ^ 
immuiid tfitf Jtti , Id ooinmls, ezpenmeniil amsfeaitttoft oooephft- 
lomyciitit (EAE)* can be ttttsfmod by T oelte aeoviud by 
ftpm ibr PBOBil Accvou synem (CMS) 7). Hkk ceUi tbcn 
toipnc into die CM$ and cwisc Ittfiaomttkn tad daDy«4ittiiioQ 
(^7). Howmer, tfae ^[iicnioo louini as tp ibc noiarel ortggEr d!iic 
mdtt io draw acdvBtion 0^ 

ImiiuD tmoinuiuuit dsaasec. EovinmmfiDzal ntcfa u vlrai£S 

ukS baafin A, may pby a fo&e m simiuli^ 

I mechsnisn latown u mnWnlfir miinicvy (8>. g*ii.Mii-<^ ^ 

oy <^ also omzr by tttoonai gr vlnl supenntigt&s (9^1 IX Ibte 
m tHuneiTO c^Gm ihu Mggcat vinl ia&^ 
toJflUflune diicais aieh w lype 1 dUbeiu, nuiltiide 9clqrosi$ 
(MS), ud myocarditis (12-14). Ovetma. Acic ndlei SDg^ that 
the expoiufe to pHhognu may stbttylatt^ the solf-^vaccvc T ceU 
repefoim soch that U auy oiggjo' or cxacatbaxA AiHoa^^ 



MBPlo]] J< a dodnneot qiito|)e in MBP tb» iudocu EAE In 

(5, 6, 15). >)evioii<y; wo sid titSm bave sndM diii pepdda 
weoaivi^ lo detBenae boir h Unds to I- A* <|fts« H saoiecules. 
Alimalam M&]^-nagtii>gT«ik iiyi ^n^^ EAB. Wf nteo 
dctcsoined Just bdvr modi of this pepbdo w numT was lo &ct 
nqubed for stimnlaiioa of T calb and foi tie inAw^nn of 
(15)l Wa cbdwed dai an I l^atabo Kid polyalanbe pcpcidft witb 
jiut five oaDvc MBP iwb&iM could indm EaE (16), 

WitdMcplbiimg and Saoaaa^ ba\c piovzdad Brans avidttce 
dfit peptides dadvcd from otttam yina$£t5 ft^id bactoia cxmld ttx^ 
idite MB^-^pacific T ccQ fteiea gBsarved from ^ 
We hm utilized a simDar i|ipiog^ 

MIC aod TCR ffomart tirtktirt and identified a baipe^vinis 
Salnun (HVS) pc^tida with bomokiiy to die diaease eaoaiqg 
1 pqxide QS^ This pa^ido ctinmlata MfiK^UU-ipficific 
Tcaah}«ridOma9 auinuhioadwcSueali^ 
CnjJ X SJUJWi Ihat dnfi is due to aof»<cMOg- 

mtwa between MEPUl hl-A* and HVS paptiflw.l.A" complcxa 

Mateiiab and Methods 

fUJtadffW X SJUTjF, BiGD (8-I2wk«f a^} ««t cbahsdfinmllc 
iaiftTO Ubarny (Bar Htibor, and fed^ « da azzii^ 

Joha Owai School cf Madical Raeearch (Cto^grff. A"BltlT<^} ^ 
pdhogtn-froB coadSuBBi. 

Pipftdil 

Peptides wcR fyajbadzad by smadM F*iBoe ehexoisoy osli^ die A^pSM 
Bio^rana (F^«r Qiy. CA) AkM 43 lA peptide tynthoBZa: Ankles 
were sBitysod ly IAjC and poiifiixt if oecawy^ 
by awae acW aaalyril na» ipec n cracOy. 

Cdl Imbaiienx. msdhmK and mdUwns 
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Pe^Haal lymph aodcs wm nw«ed 10 <%t lAtr iflUil i 

of mict Witt MBFI-11 Midiifiod ii CFA wUh 400 |i$ of teHuUctf 

ptttlOfiS m» p«B|pMd. and Calb (2 X lO^ «aa culniral ia ftsl^adDiB 

9frwan BtedBv ip 2% DonoM iDOvie MAS >«Ub w 

ddcs fbr 73 fek pulud w&ft ^QihytiB&A. hirvottdr std iDimtai u de- 

AcriM (7X Dm in poamed u idzonUoK Mm m 

5Db woe M» or ite BWk 

T ttU hybridama augys 

Its t odi hybridaoM ««■ ^wiiMinfrad fiw doies PJR-3S. PJFft? J. 
f 1B2Q, ttd BR4. v danibod (itTloaily MX AalT«ton of T ciQ l^M^ 
oma (2 X 10^ w ■ H ii Mnl by moiwdm otfi wh «a l-A'^caqpeeste^g B 
ceiliiiK(2 X ]9*)«»ArcBadiw»«ceQeeoudauttr|iepdda. Alkr 

IU2 ptodttOioo by usqg id IL-2-<fcynxtair eeH liae Crr-2, at Ammi^ 

A 94uecQaa noM of tA" hAS ptfcviOii^y bete ^jczibod (19 BKi via 

scqtunctt «.ia U-ntidoa cUu H-tttociAUd iovftiiM pcpodo 
(CXIPX Tbe« {nUiiibu7 ipoddti woo CbCB KO^ 
inCDUri^b*Mid/ttiltkC0fEh6^(|i(i^ax^|}Kd^ 

ts ifasir p«vnlal IP ajit&to gbwffwc fip^cito 

lAd HVS pt|)i2dM. Oe 6£id bitt£«a <^ fiaSoctecL Ml 

wttB ufajaood m Ante nfiDCBoxt as FJm. *b iDOddi WBC 

mlnlabed. iheo & ibcR talt of nolKttlar 4yttl^^ 

ftgftg iTrinJmaiftf , maaag Mi of aia discover ptfogam io fta Biotwn 
pttdogt (BknsBi Sab D^i^ CA)l Smnstt were UUI^ m*»« ^T ^ r^ 
with xapea « fic oQtttfiinK nloM ftam Bald (CVI^ ntt0 
ia vaawm for 100 aapi^ ua^g neapes doKui ^nUadb^ wUb a» 

— rrmi fr* brrlmtlnf rtttipi ■ rflimri ilOTMto iliilicalc 

ooBaB^ndaDoabnaduaBacyaaoKoffitf 13 A. PM lauiiMlMOuu 
wai pcrfiamsd ondl te jBadnon derividve mroyDd a W 

A. MofapalM- i^ y imuik* wm n— d id Aalot tt» ty«toti mm! i—y [ ii tf rH I I If J 

tw 100 eyots at SOS "X^ aHowm^ JQOO aq^ fat cqoaifenimp wiA aD 
olfafif coadhkoA aa Iok | 



BABwiiiiidMadisdttar{bad(6. 15. 16) by k)oa4ii(p 200 /4f MBP «r 
HVS pcpddei enuuiflcd to Cfa s^. at tta tear or tta tall to a Dtt! fciUM 
of 0.1 nL T«o bBDftiid ann ot iima of posm taoda ClBH ft^"**^*****^ 
Woodlnd CA) was i^eoed Lv. u ^ me of fnnnaniTaftna and apSa 
48 b lata. Mk» were cumiBod duly ^ 30 to 40 di^i aad «m Mond ai 
fallows UIiXQptnl:2.ptftiaibiad]iBbpBalyu:3.ea^leela^ 
ptttalya!*: 4. ^ aa& «m Uob panlysi^ 5, noribnid 
mad K amolilivB MrvHrr *^TTt**H aa total auadMr fl wy iha 
jbo«ed iSsBt of EAE at ady p«iu duf^ At < 



RctnlU 

Wft hava showa ihat a ^tyahoine peptide with a (Uo'Lys^-Pto 
(QKRP) motif at pofiiioni 3. < 5. and 6 can band 1^". atlmiliiB 
ACW-^eaciivo Tcdia. aol inost importB^ 
{16). Vraitli and coaroikm hid pcTOOiia)y kkndflcd <^ 
tioa 3 and ftx> poatioa 0 to te jnain TCR mact reskfaei 
of MBPl-1 i peptide, whik Lys al positioo 4 tD be ID MHC GOD- 
CKi zutdue (0. The fiikiiAi ibai a apedfic la vivo cEtpooae 0*0 be 
gcoBfatBd by a peptide roatainiiig only five aadve bIBP teaidm 
piovided cvidcaea ifaat Tt!R fKm dfaaaso^ndue^ 
ia ttas CBx; mpngjirml oafy a few iciidues oT the MHC-boaad 
antigedc pcpddaa. Sin oiily ftvi Bjdvtt ntidMa iA a pe0^ 
soffldeo 10 Ittlux EAE, b h ooueivBbfe te a pufaogen widi 
faomolosy to aoitf jsoceiDs at oo^ a le« lesldBos may idggcr ao- 
winmiaae dUeaae. Wt Aatfiut ideaii£Gd a few dosdy «"»TrW 
pepddescfvijalangiBiftflf. IS aadTablenaadQacdooeofdnn 
as a Dodei uochied vinl pcpdde to M dK bypodittis ibac a 



XfiOiBftdQBEO 



Myctia baak prartata (MBP) l-I) 
He^avinjB loaii/rf (HVS) aady 



ftxVapic/BRE 
KQXMVHKTL 

^rflpnar arogE 
cnHonrRBSSL 
PUaBvAntAT 

QOCawMZl 



daUoc Tims X OiMA 

Kspo jfflfkx vlnsacv) lype 1 

bCCDDtO^ 

fnhrt i ww laiyasoiracbads vUuy QLTV) gMa 
Sindbii vbui uxueaal pcHypmaia f^oe « 
Ayan tcfewintt XI piirriia! j""*"* 

Afticaa iwiaoicvs vins 

UibBuean virn L R>U scBCBi fiy ANA 



?ttqant> KKRsi 
RiXBDu^^nfioa 

KKQiavNICXSiS 



QoomsTOz 



AicamipBisr 



» loitf col Vina coac pioiaia (A VQ 
Eqidoa b^pefvirua 1 eoD^te fflBflBc 
Moata qnoncvBtovirna 1 
ifaoMft fganqr vm» provsal IXCA 
Kipod't imraa^amaiDd faafacsvina 
Kaipaa abapls vims (H^ ^ 2 
Kuan ildnovlws lype 14 {RRV14) 
HipaiSCs C vixaa 
Coouaddevtru B5 

Wheat tpiadd dnak OKwe vim 

C^^^Aid^Do iQoado ^^tnu 
Tc^aa papptf vaUl ftaa TaotiadipBc i 
bSamza A/BquioD ft^gBcO/S^ (RTNT). FB2 
ECaam ioBBaaodefldcney v^of ^p^ 1 
Barely nOd mosnc vtrw gnoBiic RNAi 



iflTa^wiad 

OOfaOC30DC(Xi 
UpBaa<P). 



U oa XX- 

I My ftiiae ■tsO) fts FA9r acted «f tana aad 



pci^ via Uitlo bOBBoJogy with MBPl^ll can fitmulaie sdf- 
teaciive T ceOa and causa £a£. 

MBPI-11 aiwdfic Tcdl bybridoou, ]934w4 (6, 16. 18). 
PJFR7 J, PJB20, aixl Bft4 wocB aaod in ibese auAca. All few 
hybrkteaa le^ood w MBPUU (Rg. 1). A pirp^ bom 
Ideyoiflad tn a Oftmpntrr rfatwhnar geaich ai a close match «ith 
MBPML wu acetylatBd and wad to exftttmed iho ability of dds 
PQI^ to stUBdalc MBP^feaccivc T oeU^ 
iheHVSJ papdde wasaUetonioulBteaafbHrTocflb)^^ 
but aoc ai ii«a u dke odtd^ype MB?l-] 1 paptiik. Evan a ahoK 
HVS pepdde gf g unoo addi aimuIaaDd MBF-Aacthw T ccU 
iQtcidooa (Ftg. ]CX Tbcaa resuka iadkala tliac a c^oea-mctiva 
nral peptide caa admnlatt aaif-faaciiwe T caDs. 

Crou-ruKtMty bennw M3FI-2J and HVSp^iUUi labsg T 

If mnlpmlar mxmkzy Sa ooa of iba mechamams it>nJ;*-*i»it ^ 
OD^dimna toc«c» b cmc Moldpndia dut immumxaimD widi a 
hoonlogoaa aoDsair pepdda ca« tCiMraio a suffici^ 
oelb tbat caa be silzimlaied by ibc aclf peptkla. Wfl aun^ 
by inmrnnmng two sets of CFLtf x S]L/I)Fa mice widt e£dier 
HVll or MBPM 1 pcptttte. 7 oelh froca bott 9Ria{« weye 1^ 
stuxdatadUvxn by ciriKrUVS or l^Ml peptides <F^. 2). 
Ibcaa ceBdB titoar diat lymph node odb fiom MBP!-lHfflini>- 
nizcd mice caa be atimyhiad by tha HVS.I peptidaL Roarovar, 
^"•"to fcctfold b«ber coecemnti» of HVS-l peptide wcr 
leqiidRd for dK maxfmimi pcoUiMtOiL Similady. ])aQ|)ib node 
oalla ftom mioe ImrmmBTn! widi HV5 pepddB iKpoodad to 
MBPJ-11, bit ovanil itkcee losponsa woe lower tfaia ibe itrm- 
idaboQ by UVS pepdde (Rft. 2S). These nmilta ahcnr ci^ 
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INDUCTION OF £AE BY A V2RAL PBP11DE 




-O— 19UA WB20 — o— nn7.9 ■ ft »1U 

FXGU&E I. Stixiwtek»oXM^I-ll"ipecfflcTceUb>tmd(m iO'ToAli5Mkm 
etiU ^rM JBCub^ to 18 IB 24 b «4A Ibr ffidkst«d diM of pep^ 



a Ui;^ number cxf T ec;Us cin be geofirttal u WvQ ihss can cz^^ 
read i^ifh imbsed peptides (hal ]lin>x Mme Uruountl daShniy 
»iih did inHmmiTiTH p^tuk. Indeed, die coaapuiiy Bwdding mi* 
les hive sueeefittd ibat MB? and HV5 peptides « bekl » the 
groove by a slniflar aowvirk of Hyfrogea bcnda, xadudlm bo^ 
xniia chao and skic ciuiit axomx of dK pepd^ 
(Rf . 3). Tht majer Maences bctwcta MBF (Hg, U) aad HVS 
<Fi^ ) pvpddcs ace eoofiadd lo Bie C-icnaiiiaL reiioa ef cba 
ptpcMac Sftflcxs^y. the beeUboiK crieiuaiioa of Ar^ 




B 



S 





HV&1 


peptide anmunttK LNC 












/ ■ — IWJ 










~ Kb 


1* 4 



nouRE ^ 



of MBPl-U^imactiva T etUi by BVS 
hDSiatml cite vim 100 f<£ ctf UBPI-1 1 or widl . 
HVS.1 peptfdtt H CFA )^ dkyt pofdAmnxBiiga. Jymi^ 
KdMivd ead prolifbscd fttt IbB indhaHd doMt 0^ pepte 
Cdb w« faanesed pIQft^Tlbfiae iBD^^ 



die ^ ebaiD is prq^ected tno) die ridgfi by the uicfitauy 

of die ^^IctnniB imEOL MOtwm. ta" ii cnanwhwtd oo like oiaiB 

dhn widt BB BQ^te of -60 digiBef a&d PAe^** flam 

in luch a way as m occqpy As^, LaaT^^ Ty^t and lyi^ 

poclK Ttae difaeoceaaoay cxplau bK^> dxfim 

ISBmae xc^xmaef imuaud by ibe KV5 pcpcido omgm vo 

MBPI-n peptide (See Fi^ 1. 2. »d 4). 

7Ae croK-micCrve vira/ ptpii44t Mm cttpUeef ond kstalo^U 

The iM^c cbaUcAsiax fiut to addnsi oiiBs-raacdviiy and motecu- 
lax talmiciy U to asaeas whete HVS pepddea cao bd^ 




B 



SUft *iV /• 




HSV 



nGUUCX ObnpnarttOAd«ofMBF(i4)Bd}|SV(B)pcpC10ttwitb 
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nCCm&4. HVS peptide* iodte EAE SAB io (aO X &IUJ} wu 

uduoBd as dncnliad in A^4B(/CBlr «ii 

bftfid b A vilh 400 1<| IfjpM^ACl^/jMv 

at ifaB KasB gf the Bill ia a told vobamt of 100 jU for cich 

urn txaadned dtify C6t 30 d^fi. A omulAiivB inciiknoe of fiAE b 

sbown. Atlan lOraSoowMCmdincadiyviV. 

test ihi«» W9 iouiuffibed (Fl/T X SJL^i 
MBPl-1 1 peptides 19 iotfiKt EAE. f^ffu 4 ftbm chit i(q> to ^ 
of HVS.1 pqpddfrHmmgniatd mice devdapcd £A£ altieit «rUh a 
cH^Mb' mhtoe^ maicy. While MBP-iauDinnzed roioB had a 
man dlnkal aocip of SJ, the HVS. I p^yridlrvlmnnmiTM mific bad 
a mcaa diaicaJ icoic of 2J. £v«a a fihon ft-areino acid HVS^ 
pepiida can mduOD EA£ lA 20 fa 30% of £AE & tfxte 
was associated wim tyfiea penvascuiaroellolB'innliniiaBf In the 
spioal cozd (Hg. 5fr}. Tic mxa itiat did ^01 dtvetop c 
signs of Cab showed sooc ccUular iafflndon in ibe CNS (data 
not ibown) Idttmunnatinn of txxmi wace with pepddea widi tx> 
ficquesca hotBolog> wi± MBPl-ll (eg., ova321-339 or 
MBF89-101) bave otvcr raaulted in any clinical or hiaiologis 
ti^ of £AH (data noi shcywiO. 

DSsensuon 

b dtts study WB hava piOfvidBd the mi dear dmoanrailnft that 

£A5 in Bdoe cba be induced by a crott-ioaadve %ifal peptide. 

Aliboi^ htsiolDgic sisDS of £A£ b nbbiB wm |H«vloiid 

otucraied by I\}jaaaim and OldstoQc (19K D our 

i» no ivpoit showing Induette of dnu'cal signs of EAE by a 

cmMtacthn microbifli peptide, bdnd. Fi^ianami and OkSstone 

staled ckaity that oodt of die nbbtta iaa^aizcd widi 

vlAis potymenae peptide (HBVP) davelop Cfinkii signa of EAE 

wtdi the protocol naed. Wa loiow from oiv own studies that cA- 

loUr iqfiJintioD in Che CNS docs wx always fttutt in a » 

cCdcal diaease. 11iK«fbia oar denoBstiaiioo dm a 

pnvioua work by OldMonc bn dao psO^s GCEdean 

locultf mimicfy model In adduion. two grocpa bavc icoBatly 

dnrwa diet stracnmUy shsfiar peptides (17) aad random pcpdde 

Hhraiitt (20) eodd sdmulaie MBP^acdmB T ceJb donesi Bod> 

stodSes tag/pothcsixft that a sifflibf jxtccfasBsm 

ulaUqg sclf-icacdve T celb in iaflviduau ittdiiv to tissi^ 

and tiitftiinnwmn disease. TUs study provides axpeflmanul ^ 

poiT for dds hypocbetis. 

Wa have shown provmsly that a potysUm^ 
a few fiaiivc MSP amino adds. 0In4.ya- A^-l%o (QKR?)l oouM 
induoe EAE wilh a Soroity idaticai an thic of VCBPl-ll (16). 
TUs lad OS to propose dtti a inkiDblal peptide wiih sooaxImU 
hdcy whh MBPl-ll oodld fiidaiUte MBP^wtiVtt T cdls and 



«3 




new SL R^RKBlMivepBfKtKiteeeihdarmfitetUmalbB!^^ 
cortifiCiSOQStf miiviammiaed wftdi ddmMBPMl or irVS-l pipii^ 
longiCudmriifam«acbDnsarcepdctlq>laBJec«flwimcM 16dayspostim* 
iniiA>sB6M Witt pcfeidn and BBifaad batAtt&oooli^ 
MBPMl- (M HV&-Mxasamiitd anoe. 

caive EAE (15). Thn HV3 pqnide (AAQRIO^iant) aei^ 
ifau study is ladksOy dUbma fVm MBPI-i U e^ed^ 
C-termbal end. h HVS pqidde; even dk ccm aaqpaace difoa 
1 amifto arid (Lys 10 Ais at poBUioq d). Mii)evht and coUcagpes 
h&va ahOfWB prBvious]{y ihiK dtera a a dramatic chai^ 
i^g ptopcniaa of MBPl-1 ] pqpii&do so I^* if poshioo 4 is aofasti- 
lUVed with certain andno acids (fi» Iti). It is ato iopoiuflC so mo 
thai His 4tpoaitioo 10 in MBPUlt improves fauafii^Qfd^ pcp- 
dde to J-A"* and anhanoos induction of BAE (16)l Another 
diffimnoo benrtea MBPMl ^ HV5 pcptules is (he adifinao of 
a Pfl^idd icsidns at po$idan 9. Iliis may lead id a ncvdT in the 
p^ddB. As shown befe. Ac bcidano 9f £Afi 1^ HVS peptides ia 
much ftdtaocd ooinpaitd widi MBPl-li . Tbtt could bo diio ID It^ 
ttbn^ to sdm&data only a snboec of MBPMl-apceific T odis, 
and/Or die HVS pepodas may act as waak or pental agonist for 
MDP-mocivft TCRs 

Pd« inechaiiDns turn been jnfioaed Id eaptam iha Ktiw^^ 
an aidoBmmQDc pncesi by infbcdoBS. Thn ftA is moleoulvftttnueiy. 
imptyUg some Ifivd of homolocy becwen aself Ag ^ 
agen (& 19. 21-23X Tlu DiBclaiiam can openie ibr bo6 Ab> a^ 
eeIl4iwfiaTTdnoHwnnagr Jse^ 
tioB of a rabsn of T cKifa oGflSBnB^ sd^tesofivt lyknfh^^ 
baosriftl or vard snpersndgen, dperkmod avidenec &r sach a 
Tnfrt\WBsm griaa(yxw>di nd i fwion thatsueha fl ia chauiM 
St ia a human snDonnimft disease ha i«z<4^ ben pofa^ 
(IIX These two mrrfmniimt do noc nqai« ftat de infection akc 
phoc m die dasne dm wooU be a GBSBt of stitaeqni anioim- 
- Ittnibr. Mbctxm m a fitsiae nay ftvor Ad tttotte of 
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ktf A£» C9A be jKcxaescd ad poenlBd ID Klf-i^^ 

Roniiy bem pnyvldBd fa te IbdkiTs vta en3^^ 
Hnsily, vintflpcdfic r caQi i& I osm 

te mlflCBlv Iswl ten ^nco^c m vkr of die to 

How would micnbol ptthogm ittiDaic u ftminimvu diff- 
er? Dm poficSbiUiy i$ Uua s&ir-ctaciivc T cells tlut have » 
ci^ dtf thymic ^ikdm wooontBr cmMUcdve odcroblal 
pepades booad to MHC moiccDlei, TUs may letult in ibe low 
Iftvd ttunditiOD of acir-ructive TceU&. ini£nt»a a 
and di» ouRiis ^ somo nmc demage. Once the daaoe do* 
ctfuui'on has htgm, ctl^ace of ac3f Ag^om tha tvspt tinue 
may petpcsiute the immuc^ fespcoic atpiim m 
after ibamiaobialpMhogiMhASbModetenL It b iznpcstaitt to 
aou that. BE lean » oar model of EAE, MBPM 1 pspddt blBdi 
I-A"- pocuay 16. liy ll^s poor tindiai of MBPl-1 1 could noli 
lA Att taefflcteat netaiivc Teen tdocbon for dnft pcpdde 'm die 
^hymau Once ia peri^ieiy. ttieso caHs ooold bo potcBOaQy IB- 
coicaciivc. wahhg to b« fttmulatod by a trigger cueb tt 4 viras 
or bacteria. As bos besen «howo by Othm. TCR if capabU of 
being sdmnlatad by a vari£iy of pApddosprefieDtedby die same 
MHC dau n oulecole (16» 17. 20. 27). 

A qnasrioD alM aite vbilber a iofiilli nx«l p 
lEflano o 1^ pttlKikW ^^DiecD^ 

em MBP Bil vvol Tsd pepbdaa Obi& R 21, 22; to a bdcf 

fcvk«maboRcft.&23).Macow.^ 

ofacovcd ia A take cf piCMatB Mowtg hflpriitis B 

cuam Cnii There s ilw caovfacl[« «vi^^ 

ksy bevwfi<«k QpnnMmaer 

popbeal flctvt a dUauiumiy (kayoUjiadttg dlsAaee) (24). ca«dy 
WB XBBd to iDMcdgms vMiec oov-oa^ 

aodi*. Ttm m sovcrtl «MBa«)lM a die fii^^ 

cleady dot MHCoIatt nincbaJfls can praBBoepefiis^ 

^anfzX^lbr pmeiia (2^»). This wodd 

6v« pcjiidft fioa ia»kOdhilAr iirui coukl m 

c]8n 0 MHC aolfiaiki tad pieacDBd B> a>4" «^ 

cdls.Pteptkfai^VBdfeamfriiiwPfte 

well iBiAed fbr ielf-<ejudve €04*^ T odb. Hgwbvcx, it is 

piaiuihW dai czcsa-mdivB pepodea gceoved tan cxmodluUr 

p«d»f tta via a vtiMfiflaad dase D Ag-prOoEttine padwiy ooald 

foak ia cnmeeciyBtiin 19 ittloigsw 

diss D sec RaL ^ 

Cq gosoMoo. wc bavc presetted expcrizDCnts dm %baw dux a 
0M*-7tacto BODsclf pepdde fiom a yM pracm can gcaerue 
inaawrceponKittdt dial heottldkad 10 A clinical autoimn^ 
discte 

AcknovledgiDCttts 

Wa ftuk oar colkimwa br arfaicd rmdlaf of dtt» eMOaRrill 
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■Id UMC po^XMiL Afn teMwi 
" D .. rf^ ii f }mmmk CtOMkl 

a. 0«^lH^T-Mctlky.l.COBiSLUJ.SlAR.&l>ta.^X.Sdaah^ 
MMlO.C:Vn^.i9»l, TtectewtaiJawetettfibtbBMaBlMtPhu. 

& ZMd 1. P. Maa 1 TfeeBl^ D. 1. MUcacC. R. XacMtf . L Mtb 
U SliiiAM^ T ai flk» ^peeifis floeUp htdc proKb iadHtt CteA^ 




lLC^B_n.N.Wa 

IX ni>. c I f. Fiittr, y^^gg^Jf 




15. Gate A. 11. C a l/xft. DL E Soil*. C 1 
n. O, MiPriB- 1 Ifn iai M w wuiri WNu a iw 

of III i>te; JteL W Sd m ftl; W. 

14 OMAAM^CLPfemwD^ESadbl^U 
1983.A 



qtem«ltr n9ld9 v'MB faiBMB T op tlm 9M( 




nn i B i iii iw Willi ii< 4 ^ gitfbic art 
gL SS^'a^r ni i^rta, il v«>bol a J^ag. h, t 

li^a* far* Ira xMmacttn Oai OMBlRCd T oeSi <b»& 
21 . Salte. S. S. L BtnL K SilM. P. UcO^ U PImhA F. 

21, TOM. r. C CiA 1. P. ■< P. Oi-ttK. ►^^^ 

p»«lc» taM «o»*ta 2« wa*«artnc T edb ai I 

S. ri Miii.UMJM.EA adn imi 

io. Nm. AM Jl /il/. 

24. YaLH,T.mP.to^TICM«tta,>i. Ti>«iit i ; .lC^i.i 

T. Ulrate. 1901 A fa . . ' *1 

uA« • OMI MjliAV T>r Msaa. / £9. dM IMr^n/. 

a& KO*; E D- C L V«bd«L W. SL BfltpDoL W. Iha. E L. ^ 

24 B» C P, IL S. Mwrfa. liL V. iWba wd R i. A Oietem 1 99tfw Vtal 
tnflTtnn tfTniimir n'riiiftniiii ilnd rrtan tr "^r"*-'* — 

K. K«d^>LK^EA.m&btOc7*<%^»<9<wEE)cR««.1995.Rm^^ 
crwhi^pipdikam^>lWT«dlieta9W./f!9^ J»r»/. 

24 ooH. o. L nwdM n- ubhii. a lofo**** 

l\«daauBnpacier25c 
'WIBf Awf» ... 



^ iafA<Bli«»o«i^dBM 





VflMAOrl 

».BHrfa,A^$.Mnifey,L.l 
J.UoaiA0f.1»l.r 

irfrmti H wirniBit im rrrr — f--'-ni — ^-^r-*T"^**' 
faiiiip^afTli ifflBi lUm r I I'l • f -r* — ^ A, 

Am: AcBl id. USA 9/;i«fiS2. 

n. liiUidL M. SL, U. Utfi T. UVaiiii^ P. i**«ita9>9^ W, Pidftgi^ 
EDaMm,aidCO.La«. |991 l*ottaiiae pi«b*-^ tor p**«ii^ 

<»»tp«m Ave AUAc^ S:i 0S4 



** TOTPL PftGE.007 



